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ABSTRACT

The computer program presented and discussed in Part 1 of

this report for analyzing the axisymmetric base-pressure and
base-temperature problem with interacting supersonic free-stream
and propulsive-nuzzle flows has been improved and generalized to
include the analysic of an afterbody upstream of the base region.
The afterbody geometries considered are: cylindrical, conical,
parabolic, and tangent-ogive boattalls and conical flares. The
FORTRAN IV computer-program listing, as well as detalled infor-
mation on program development, organization, and usage, are in-
cluded herein. Theoretical afterbody and base-pressure results
are precented for parametric variations in afterbody geometry
and flow variables. In addition, a limited comparison between
theoretical and experimental conicel-sfterbody and base-pressure

data is made.
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I. INTRODUCTION

As part of the continuing development of methods and com-
puter programs for aerodynamic design, evaluation, and optimi-
zation studies related to the base-flow problem, the computer
program developed and reported earlier in Part I of this report
series [1]f has been generalized to include an afterbody analy-
siz in conjunction with the base-flow analysis. The base-flow
analysis is based on the component flow model of Korst, et al.
[2], as modified by an empirical recompression coefficient.

For cylindrical afterbodies, this empirical coefficient was de-
termined by a detalled correlation of theoretical and experi-
mental data and has been reported in Part Il of this report
series [3]. Herein, the "corresponding" inviscid flou-field
componient of the base-flow analysis includes the option of an
afterbody upstream of the base region. The afterbody and flow-
field analyses are by the Method of Characteristics; the after-
body geometries considered are: cylindrical, conical, parabolic
or tangent-ogive boattails and conical flares of moderate angle
and length.

Under certain flow conditions, oblique shock waves can oc-
cur at the terminus of the afterbody and/or the propulsive noz-
zle; these oblique shock waves, if they occur, are treated ap-
proximately in the inviscid flow-field analyses, Tor these
flow conditions, it is necessary to establish an upper 1limit on
the trial values of the base-pressure ratio in the solution
iteration sequence; this upper limit is established by the on-
set of boundary-layer separation at the afterbody and/or pro-
rulsive-nozzle terminus points. The boundary-layer separation
«riterion used herein is based on an approximate empirical
formulation developed by Zukoski [u4].

A parametric study of the base-flow problem for a repre-
sen* tive set of flow conditions and afterbody veometries has
bee. made; the results of this study are presented herein.
These data are complementary to the parametric study previously
conducted [1] for a cylindrical afterbody. In addition, a
limited comparison is made between theoretically predicted
values and an experimentally based correlation of Brazzel and
fienderson [5] and the experimental data of Baughman and Kochen-
deyfer [6].

T.wilers in brackets refer to entries in REFERENCES.
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II. THEORETICAL FLOW MODEL

The flow model of Korst, et al. [2], and the component as-
pects of this flow model have been discussed in Part I of this
report series [1] and also in considerat : detail in [7]; the
discussion and analyses presented therein continue tc be applic-
able. In particular, the turbulent-mixing component, the solu-
tion criteria, and the solution-seeking techniques have not been
modified. The principal modifications made herein have been in
the recompressicn and the "corresponding" inviscid flow-field
components.

The "corresponding" inviscid flow-field analyses have been
generalized to include an afterbody upstream of the base region
and an approximate analysis of oblique shock waves which can oc-
cur under certain flow conditicons. Under these flow conditions,
the trial values of the base-pressure rativ are limited by an up-
per bound which i1s determined approximately for the onset of
boundary-layer separation for either the free-stream or propul-
sive-nozzle flow as the case may be.

The recompression criterion which is instrumental in deter-
mining the base-pressure solution by linking the mixing and
"corresponding" inviscid flow-field components has been modified
by an empirical recompression coefficient. TFor cylindrical after-
bodies, the recompression coefficient has been determined by a
detailed correlation of theoretical-experimental data [3]. At
present, a correlation study for boattailed and flared afterbodies
similar to [3] is in progress and not yet complete.

The Two-Stream Axisymmetric Base-Pressure Program, TSABPP-2,
presented herein is based on the following analyses in conjunction
with Parts I and II [1,3], of this report series and [7]. The
configuration snd associated notation for TSABPP-2 are given in
Fig. 1; an attempt has been made to retain a notation herein wai h
is consistent with that of [1,3,7].

It should be noted that the uniform-flow free-stream con-
ditions (E) arc uscd ac reference conditiens throughout the analy-

ses and the computer program.

A. "CORRESPONDING" INVISCID FLOW FIELDS

The supersonic flow fields are determined by the Method of
Characteristics for irrotational axisymmetric flow. The external
(free-stream) flow is assumed to be initially a uniform supersonic
stream; downstream of this uniform external flow station, the flow

oOnuvoaon
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can either immediately separate, as for a cylindrical afterbody,
or continue over a prescribed afterbody before separating at the
base. As before, the internal (propulsive-nozzle) flow is as-
sumed to be from an ideal full- flowing supersonic conical-flow

or uniform-flow nozzle. After the separation of the internal

and external flows, the flow fields are calculated for a constant-
pressure boundary condition and a trial value cf the base-to-free-
stream pressure ratio. At the impingement point of the inviscid
streams, if it exists, the oblique-shock recompression system is
determined,

The inviscid flow-field analyses have been subdivided for
convenience of computer program development into two subprograms,
ABTS and ACPBS. Subprogram ABTST is used for the calculations of
the flow field over the afterbody while subprogram ACPBST is for
calculation of the constant-pressure boundary flow fields. The
free-stream flow conditions, the afterbody flow-field calculations,
and the constant-pressure boundary flow-field calculations are
linked, respectively, along characteristic curves which are speci-
fied or determined through points (2E) and (1E) of Fig. 1; the
propulsive-nozzle flow conditions are linked with the constant-
pressure boundary flow-field calculations along a characteristic
curve specified or determined through point (11) of Fig. 1. -

The general case of a uniform external (free-stream) flow
upstream of an afterbody is shown in rig, 2(a). The afterbody
flow-field calculations are made from the known uniform-flow
characteristic through the initial point, (2E), on the afterbody.
The flow-field calculations proceed from these known data on the
II-characteristic along I-characteristics to the boundary points
on the afterbody surface where the boundary condition of flow tan-
gency is satisfied; these calculations are illustrated in Figs.
2(a) and 2(b). The afterbody geometries considered are: the ogive,
parabola, and cone; the expressions used to define these afterbody
meridional profiles are given in Fig. 2(b).

The foregoing calculaticn sequence is continued by advancing
along the known Il-characteristic until an I-characteristic is en-
countered which would intersect the afterbody surface after the
zerminus of the afterbody, as shown in Figs. 2(a) and 2(c). An
iteration sequence is then initialized to find the I-characteristic

T program flexibility, the inviscid afterbody and constant-
iressure boundary subprograms only are available as input options.
-« APPENDIX B for udditional comments on the functica and organi-
v:tlon of these subprograms.



which passes through the terminus of the afterbody. The iteration
oo sequence is initialized, as shown in Fig. 2(c), by the {(i-1)-tn

E I-characteristic which intersects with the afterbody and the next

' i-characteristic, i1}, which does not intersect the afterbody

! surface. The (i-1) and it points on the known II-characteristic

J provide initial bounds on the origin of the I-characteristic which
would pass through the terminus of the afterbody. By continuing
the iteration sequence and successively reducing the bounds, the
L i{™ 1_characteristic through the afterbody terminus, (1lE), can be

| determined to the desired degree of accuracy. The foregoing cal-

i culation sequence completely determines the flow field cver the

1 afterbody; to link the afterbody and constant-pressure boundary

] flow fields, the II-characteristic through the afterbody terminus

| is determined, as shown in Figs. 2{a) and 2(d). This is accom-

| plished (see Fig. 2(d) ) by calculating aleng I-characteristics

| from points on the known II-characteristic to the unknown II-

) characteristic originating at the terminus of the afterbody. The
: desired number of points on this characteristic are determined by
l advancing, after the point i(“),along the known II-characteristic
i and repeating tne foregoing calculation sequence. The afterbody
: and final afterbody II-characteristic calculations described above

. are made in subprogram ABTS.T

‘f For the internal (propulsive-nozzle) flow, [1, pp. 4,5], the
}’i i ideal uniform-flow propulsive-nozzle reduces to the trivial spec-
- ification of the uniforr Mach number and flow direction along the

J straight characteristiv through the terminus of the nozzle. The

ideal conical-flow nozzle is specified by the constant nozzle

[0 ¥ach number and the variable conical flow direction along the

\ known non-characteristic cirve through the nozzle terminus. Thus,
P the flow field between the non-characteristic curve and the irnitial
i 4 characteristic is constructed to utilize the aforementioned con-

: stant-pressure boundary calculation sequence. For the ideal uni-
0 form-flow or conical-flcw nozzles, respectively, the foregoing cal-
‘ ? culations are made in subroutines UFLPCHt and CNFLECTT after the
specification of the nozzle geometry, specific heat ratio, and the
nozzle Mach number. UFLEC and CNFL@C are subroutines to subprogram
ACPBS.

i
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THore generalized afterbody calculations could be carried out if the
known II-characteristic is specified, e.;g., as the final II-charac-
teristic from a previous afterbody calculation rather than for uni-
form free-stream flow, Thus, by "bootstrapping" the afterbody cal-
culations, more general inviscid afterbody analyses can be made.

)

ttSee APPENDIX B for additional comments on the function and organi-
zu ion of these subroutine: and subprograms.
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Subprograms ABTS and ACPBS only are available as input op-
tions; the applicable configurations and notation for these sub-
programs are shown for the afterbody enalysis in Fig. 3(a) and
for the constant-pressure boundary analyses in Fig. 3(b).

Shock waves occurring in three instances in the internal or
external flow fields are considered approximately as reversible
compressions in the flow-field analysis. In the afterbody cal-
culations, the oblique shock wave for conical-flare configurations
is approximated by a single-line reversible compression; in com-
parison with more exact analyses [8,9] the results of this simple
approximation appear to be adequate for flares of moderate angle
and length. TFor certain combinations of geometry and operating
conditions, cblique shock waves can occur at the geometric sepa-
ration points of the internal and/or external streams as a re-
sult of relatively high values of the base pressure. Examples
of these flow conditions would be the oblique shock waves occur-
ring in the external flow field prior to or at onset of plume~
induced separation of the external flow, or for nozzle geometries
with large exit flow angles and/or highly overexpanded nozzle flows.
Fortunately, these compressions are often relatively weak and as
a consequence the oblique shcck waves can be approximated by re-
versible compressions at the internal and/or external terminus

points (11), (lE) as the case may be.

B. TURBULENT-MIXING COMPONENT

The turbulent-mixing component of the base-flow analysis dis-
cussed in Part I of this report is unaffected with the exception
of the introduction of an empirical coefficient in the recompres-

sion criterion. The empirical recompression coefficient r is de-

fined {1,3] by

P P
8

— r(F—) > 1 (1)
d 'y

For cylindrical afterbodies, a convenient expression for r
which pgives good correlation between theory and experiment has
been found-to be, [3],

— w2 -3 ]
r = 0.483 + 1.088R, - O.874R + 0.303R {2)
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A similar experimental-theoretical correlation is unavailable at
this time for boattailed or flared afterbodies; consequently, the
value of r = 1 for the unmodified flow model is incorporated in

the computer program. As an alternative, however, r is also avail-
able as an input option.

C. TURBULENT BOUNDARY-LAYER SEPARATION CRITERION

To establish an upper bound on the trial-sclution values of the
base-pressure ratio, an appreximate empirical turbulent loundary-
layer saparation criterion proposed by Zukoski [4] is used.
Znkoski's empirical relationship has the simple form

PS EP
P

= [1 + 0.365M] (3)

Thus, according tc this criterion, the separation-to-local static i
pressure ratio is linearly related to the local Mach number at the |
boundary-layer separaticn point.

For specified values of the Mach numbers, M, and M, , and
the nozzle static-to-freestream or stagnation-to-freestream pres-
sure ratio, ¥;; or P, , the pressure ratios for boundary-layer

separation at locations (1E) and (11) are estimated for the free-
stream as

(Py.p)

SEP = [1 + O.365M1E] PlE (4)

E
and for the propulsive nozzle as

(PSEP )l = [1 + O.365M”] P (5)

The upper limit imposed on the trial-solution values of the base-
pressure ratio is based on boundary-layer separation occurring at
either location (1L) or (1I) whichever would correspond to a lower
value of the base-pressure ratio. Thus if (Pgepdg > (Pggp )y » the
upper limit on the base-pressure ratio is

Foliax = Fggp (6)
or conversely if (§;EP)E < (?;EP)I, then
Pyliax = Pspp i (7)




The base-pressure solution range is

CFylan < Fa 2 Falpax (8)
where initially (Pglyy = O and (Pglyax is determined from Eq. (6)
! or (7). As the solution iteration sequence progresses, both the
M lower and upper bounds on the base-pressure solutioun are changed,
T if possible, to reduce the possible sclution interval. If a re-
duction in the upper bound on the solution interval and conver-
gence to a solution are not achieved, the iteration sequence is
terminated with boundary-layer separation possibly occurring.
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I11. COMPUTER PROGRAM

The complete computer-program listingt for TSABPP-2 developed
for analyzing the two-stream axisymmetric base-pressure problem is
contained in APPENDIX A. Many explanatory CPMMENTS regarding spe-
cific operational details of this program have been included in the
program listing. In APPENDIX B, the main progrz—, subprograms, and
the various subroutines are identified, are ordered according to
their first appearance in the calling sequence, and are briefly dis-
cussed as to their operational function.

The main program of TSABPP-2 is organized according to the sum-
mary flowchart of rig. 4(a), [1, Fig. 7]. Subroutine INEUT has been
sigrificantly modified and re-organized from the earlier version
(TSABPP-1) of this program [1] to achieve flexibility in the overall
program so that the inviscid flow-field calculation subprograrms are
available as input options, to have more convenient input options,
and to provide the option of an afterbody upstream of the base,

The organization of IN@UT is illustrated by the flowchart in
rig. u(bJ.

A. PROGRAM INPUT

The input to TSABPP-2 is by cards. A complete list of the avail-
able input variables and their definitions is contained in Table 1;
normally, it is necessary only to input a partial list of these vari-
ables depending on the input option selected and the extent to which
the default-configuration data is used. There are four input data

options specified by the variable INFPT which are available to the
program user.

The first input option, INPPT=1, is by NAMELIST/DATA/.tt
Table 2 defines the required input variables, the default-configu-
ration data available, and the data-card(s) format. The second in-
put option, IN@PT=2, is by NAMELIST/DATA/ and a complete set of
data cards which must specify all variables defined in Table 1,

tThe program listing is in FERTRAN IV as applicable to the IBM ¢S

360/75. Program modifications necessary to adapt this program to
an IBM 7094 FERTRAN IV IBJ@B system are detailed in APPENDIX D.
The appropriate modifications and their location within the pro-
gram sre identified by the program-identificatrion name and card
number in cclumns 73 to B80.

t+This input is used for the IBM @S 360/75 FPRTRAN 1V version. See

APPENDIX D for the necessary modifications for the IBM 7094 F@R-
TRAN IV version.

|
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Table 3 defines for this input opticn the variable locations and data-
card formats. The foregoing input options (INGPT=1,2) are used for
complete base-flow solution calculations.

The third input option, INBPT=3, is by MAMELIST/DATA/ for the
calculation of internal-flow constant-pressure boundaries only.
The required input data, the default-configuration data, and the
input data-card format is specified in Table 4.

The fourth input option, IN@PT=4, is by NAMELIST/DATA/ for
the calculation of the external flow field only. The calculations
include the afterbedy and/or constant-pressure boundary flow-field
calculations as specified by the input data. The required input
data, the default-configuration data, and the input data-card
format is specified in Table 5.

B. PROGRAM OUTPUT

The program output is in printed and an optional punched form.
For a given configuration, the printed output data can be obtained
at the option of the user in one of three levels of detail by speci-
fying the print parameter NPRINT. The short~form printed output op-
tion, NPRINT=-1, consistz only of the data required to specify the
configuration, the current case, and the corresponding theoretical
solution. The more detailed printed output options, NPRINT=0,1, in-
clude, in addition to the foregoing data, the iteration-step data.
A detailed outline of the data printed for each value of the print
parameter is given in Table 6. The optional punched output data,
NPUNCH=1, summarizes the theoretical base-flow solution data for
each input configuration and the cases considered. The punched out-
put data is summarized in Table 7.

C. PROGRAM ERROR MESSAGES

[ Various program error messages can be generated during the base-
flow solution iteration sequences. These messages are intended as
information for the program user and, as such, do not, in general,
require .ny action by the user. The error messages are divided into
three categories:

i. Messages generated during the iteration sequence for the
base-flow solution. For these cases, convergetce to a so-
lution is achieved and as a consequence, the error mes-
sages are not significant.

il. JMessares generated as a result of non-convergence to the
base-flow solution. These messages indicate the problem
areas encountered and why a solution could not be achieved;
the solution iteration sequence is terminated.




| iii., Messages resulting specifically from the inviscid flow-
§ field calculations. The most common errors giving rise
to these messages are excessive '"foldback™ of the char-
| acteristics network due to wave coalescence, non-conver-
| gence of a unit-process calculation, or compressions de- ;
veloping in the flow field that would give rise to locally
subsonic flow. The flow-field calculations are terminated.

The origin and an explanation of the various possible error
messages generated by the program and subroutines during execution
are given in APPENDIX C. The messages are duplicated therein,
referenced to the subroutine name, and ordered according to the se- !
quence numbers assigned in APPENDIX B. \

-




IV, REPRESENTATIVE THEQRETICAL AFTERBODY AND
BASE-FLCW SOLUTION RESULTS

Representative parametric afterbody and base-flow solution
data are presented herein to demonstrate the qualitative behavior
of the theorctical solutions over a range of geometric and flow
variables, to demonstrate the capabilities of the component-model
based computer program, and to complement the parametric base-flow
solution data previously presented [1]. The trade-offs and inter-
actions between the afterbody and base-flow cemponents are of par-
ticular interest from the standpoints of possible afterbody-base
drag reduction, as well as overall system optimization.

Theoretical-experimental comparisons are limited to a com~
parison with an empirical correlation developed by Brazzel and
Henderson [5] and to a comparison with some experimental data ob-
tained by Baughman and Kochendorfer [6].

A. PARAMETRIC VARIATIONS IN SELECTED GEOMZTRIC AND FLOW VARIABLES

For the parametric study of the afterbody-base problem, several
of the variables were restricted to mid-range values us:d in the
parametric study of the base-flow problem with a cylindrical after-
body {1]. In addition, the afterbodies considered were limited to
a one-caliber length; this limitation is not considered to be seri-
ous since cther afterbody lengths would be expected to preduce re-
sults similar to those presented herein. As a consequence cf the
foregoing restrictions, the parametric study has been principally
confined to variations in afterbody geometry. The afterbody ge-
ometries considered are: conical and tangent-ogive boattails and
conical tlares; for each afterbody geometry, a series of configu-
rations are considered. The configuration and flow data are sum-
marized in Table 8 for this parametric study.

For each afterbody geometry, the data is presented in a se-
ries of figures which first present the individual theoretical
afterbody and base-flow results followed by the combined after-
bedy-base resulta. The afterbody drag coefficients are presente
in Figs. 5(a), 6(a) and 7(a) for the conical and tangent-ogive
boattails and the conical flares, respespectively; the afterbody pres-
sure distributions which were integrated to obtain the foregoing
afterbody drag coefficients are presented in Figs. 5(b), 6(b) and
7(b) for the respective afterbody geometries. Figures 5(c,d) and
&(c,d) and 7(c,d) present the base-pressure ratic and the base drag
coefficient, respectively, for each afterbody geometry; included in
each figure for purposes of reference are the data for a cylindrical




afterbody under similar operating conditions [1]., It is apparent |
from Figs. 5(c,d) and 6{c,d) that boattailing can significantly
inecrease the base-pressure ratio and correspondingly decrease the ,
base drag coefficient; the opposite behavior is seen from Figs. 7(c,
d) to be the,case for the conical-flare afterbody. For the coni-
cal-flare afterbody, the relative decreasc in base-pressure ratio,
| although being relatively small, does give rise to a significant

; inerease in the base drag coefficient. The overall afterbody-base

| drag coefficients are shown in Figs. 5(e,f), 6(e,f) and 7(e,f) for

| each afterbody configuration. Figures 5(e,f) and 6(e,f), and in

i particular, Fig. 5(f) and 6(f), show that the overall afterbody-
}{ base drag coefficient can be minimized by proper selection of the

i

1
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beoattail; in all cases considered, boattailing tended to reduce
significantly the overall afterbody-base drag. For the conical-
flare afterbody, Figs. 7(e,f) show that such an afterbody signifi-
cantly inercaces the overall afterbody-base drag.

The effects of base '"bleed' on the overall boattail-base drag
coefficient are shown in Fig. 5(g) for conical boattails at two
fixed operating pressure ratios and parametric values of the base-
bleed ratio. The overall drag coefficient is significantly reduced
by base "bleed"; however, the effectiveness of base "bleed" de-

v ereases with inereasing base-bleed ratios. The possibility of
! minimizing Cp by the proper selection of the hase-bleed ratio and
boattail angle is evident from Fig. 5(g).

Figurc 8(a) summarizes the overall drag coefficicnt data for
the conical-afterbody geometries; these data are presented as over-
all afterbody-base drag coefficient versus the base-to-body arca
ratio for parametric values of the cperating pressure ratios. This
particular set of coordinates has been suggestel as a possible
means of unifying and correlating conical-afterbody data. Brazzel
and Henderson [5] have proposed an alternative correlation for coni-
cal-afterbody data based on a review of available experimental data;
they found these experimental data could be correlated into a rela-
tively narrow band if the ratio of the cylindrical-tc-conical after- !
body base-pressure ratios were plotted versus the base-to-body area ©
ratio. The theoretical-solution data for the conical afterbodies
are presented on this basis in Fig. 8(b). This particular system of
coordinates does seem to correlate the theoretical-solution data by
reducing the influence of the nozzle-to-freestiream static pressure
ratio.
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B. LIMITED COMPARISON WITH EXPERIMENT

Included in Fig. 8(b) for comparison with the theoretical re-
sults of the parametric study for conical afterbodies is the experi-
mental cerpelation curve determined by Brazzel and Henderson [5].
This empirical correlation curve is based on experimental data b

" 12

Wy




obtained over- a relatively wide range of geometric and flow vari-
ables. While the reasons for the discrepancy between the slopes

of the theoretical and experimental correlation curves are not
readily apparent, ihe discrepancy can be partially attributed to

the usual overestimation of the base-pressure ratio by the theo-
retical analysis. For cylindrical afterbodies, the overestimation
of the base-pressure ratio can be significant depending on the

flow geometry; an empirical modification to the theoretical model
has been determined which reduces this discrepancy [1,3]. Experi-
ence has shown qualitatively that without empirical modifications
te"the flow model the agreement between the theoretical and experi-
mental base-pressure results ic usually better for conical after-
bodies than for cylindrical afterbodies. Currently, thorough quanti-
tative theoretical-experimental comparisons have not been completed
for non-cylindrical afterbodies and, as a consequence, possible em~
pirical modifications to the theoretical model are not yet available,

Figure 9(a) presents a comparison for several conical boattails
between the experimental data of Baughman and Kochendorfer [6] and
the inviscid afterbody analysis; the agreement between theory and
experiment is reasonably good for these boattails. It should be
noted, however, that boundary-layer effects can lead to significant
discrepancies between the present inviscid afterbedy analysis and
experiment.

For the foregcing conical beattails, the base pressure coef-
ficients determined by the experiments of Baughman and Kochendorfer
[6] and the theoretical analysis are compared in Figs. 9(b,c). In
Fig. 9(b), the propulsive-nozzle flow was from a converging nczzle;
for these cases the theorctical-experimental agreement is accept-
able. However, in Fig. 9(c) where the propulsive-nozzle Mach number
has been increased, the theoretical results grouped together as in-
dicated in the figure. Since the experimental data do not exhibit
these trends, the agreement between theory and experiment is poor
for these particular cases. However, the experimental data of
Baughman and Kochendorfer does show trends with increasing propul-
sive-nozzle Mach number which are similar to the theoretical results
presented in Fig. 9(c¢). Of the theoretical-experimental comparisons

parisons presented in Figs. 9{(b,c) represent qualitatively the maxi-

num divergence between experiment and theory which has been en-
countered to date.
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V. CONCLUSIONS

Due to the significant contribution of the base drag to the
overall aerodynamic drag of a vehicle, any factors or medifications
which could influence the combined afterbody-base drag must be
considered. The component-model based computer program provides
a quick, convenient, and effective means for conducting qualitative
studies of the base-flow problem and the many variables involved.
As a consequence, this computer program is well suited for optimi-
zation and system studies wherein significant variations in the
variables must be considered. With the determination of suitable
empirical modifications to the flow model, quantitative studies
can also be made with confidence.

To further develop and expand the usefulness of thls computer
program, studies of the following factors should be continued:

i, the influence of the boundary layer on the afterbody flow-
field calculations,

ii. the inclusion of the boundary layer as an equivalent base
""bleed,"

iii. the detailed experimental-theoretical comparisons which
could serve as the bases for empirical modifications to

the component flow model,

iv. the continued development of empirical modifications to
the flow model to improve the engineering usefulness of

the computer program, and

v. the investigation of the fundamental processcs inveolved.

lll
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(by Constant-pressure boundary notation for subprogram ACPBS

Figure 3 continued
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Flowchart of main program TSABPP-2




SET-UP DEFAULT
CONFIGURATION

!

_AD
CONFIGURATION
DATA

{INGPT.NE.3)

CALL ACPBS
(3.0)!

PSEQUENCE MUMBER,
APPENDIX B.

(a)

1F
(NPUNCH.EQ O)

PUNCH
CONFIGURATION
DATA

L
READ
CURRENT
CASE DATA

TRUE, FALSE
WRITE
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TRUE CASE DATA
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RECOMPRE SSION
RETURN COEFFICIENT
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CONT'D (&)

Figure 4{b) Flowchart of subroutine INgUT
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TABLE 1
INPUT VARIABLE DEFINITIONS FOR PROGRAM TSABPP-2

e

PPN

----------------

AC20) = CENFIGURATIEN TITLE.

FER EITHER THE IWTERNAL (1) BR EXTERNAL (E) STREAM:
x1,R1 =z CHPRDINATES @F PPINT WHERE SEPARATIEN fICCURS.
(R1-5 ARE P@SITIVED

BETD1 = FLAW ANGLE®DEG.™ AT (X1,R1). CCW IS P@SITIVE.
¢ BETDL! IS (+) AND BETDIE IS (+/-) )
GC = GAS CANSTANTEE(LBF-FT/LBM-R)
GAMMA = RATIE BF SPECIFIC HEATS.
EMN1 = MACH NUMBER AT STATIEN (1)
NSHAPE = 0, Nf AFTERBEDY.
= 1, BGIVE. =2, PARABPLIC. =3, CENICAL.
X2E,R2E = INITIAL CPPRDINATES PF THE AFTERBPDY.
BETD2E = INITIAL AFTERBEDY ANGLE AT (X2E,R2E) IN DEGREES.
(BETD2E (~) FPR EXPANSIPN.PR,BETD2E (+) FR CEMPRESSIEND
EMNE = EXTERNAL FREESTREAM MACH Nf.
TREE1 = STAGNATIEN TEMPERATURE RATIJ @F STREAMS, THE/T@I.
PRATE = STAGNATI@N-TP-STATIC PRESSURE RAT1{ gF STREAMS, P#I/PE.
PR1IE = STATIC PRESSURE RATI@ PF STREAMS, PLI/PE.
RECPMP = RECEMPRESSIN CHEFFICIENT
NG TE~=~ DEFAULT PR INPUT VALUE AF RECEMP=0.0 .AND.
1) NSHAPE=0, THEN RECEMP 1S CALCULATED FREM
EMPIRICAL EQN- IN4y 2620.
(Ref.: RD-TR-69-13)
2) NSHAPE=1,2,3%, THEN RECEMP=1.0 1S5 CURRENTLY USED.
NPRINT = -1, INPUT DATA AND BASE PRESSURE SPLN PRINTED,
= 0, INPUT DATA, ITERATI@UNS AND SPLN PRINTED.
= +1, INPUT DATA, ITERATIEN, C.P.B. DATA, AND SPLN PRINTED.
NPUNCH = 0, SUMMARY $UTPUT DATA NPT PUNCHED
= 1, SUMMARY BUTPUT DATA PUNCHED
INgPT = 1, INPUT BY NAMELIST/DATA/@NLY. THE DEFAULT CENFIG,
SPECIFIED IN INBUT 1S AVAILABLE.
= 2, INPUT MJST BE SPECIFIED BY A CYMPLETE SEY §F DATA

CARDS FPLLPWING THE FIRST CARD: '* EDATA INgPT=2 EEND'.
= 3, INPUT SPECIFIED BY NAMELIST/DATA/ FER CALCULATI@N gF
INTERNAL-FL@W CPNSTANT-PRESSURE BPUNDARIES.
= 4, INPUT SPECIFIED BY NAMELIST/DATA FPR CALCULATIPN H#F
EXTERNAL FLEW: AFTERBEDY BNLY (NCASE=0) AND/@R
CONSTANT-PRESSURE BBUNDARIES.
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TABLE 1 (continued) .

NCASE
CALCULATI@ANS ARE Td BE MADE FPR A GIVEN SET @F
CANDITIPNS AND GEEMETRY.
KPRESR = 0, PR1IE 1S INPUT, AND PRBIE 1S CALCULATED.
= 1, PRYIE IS INPUT, AND PR1IIE 1S CALCULATED,
PRATI@,PR(ID = INPUT PRESSURE RATIF(S).
BLDRE,BRPCID .= INPUT BLEED RATIB(S).
ENGRP,ERACID = IMPUT ENERGY RATIP(S).

= Nf. #F PRESS. RATI@S FPR WHICH BASE-PRESSURE
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TABLE 3

TSABPP-2 INPYT OPTION 2 (IngPT=2) BY A COMPLETE

SET OF DATA CARDSt

Card Variables Tormat
Number (Refer to Fig. 1) Specification
1 EDATA INGPT=2 &END (2 to 80)
2 Any alpnanumeric title (0ALD
3 X11,R11,BETDII,GCT,GAMMAL, (6F10.6,11)
EMN11,NSHAPE
(REESES IF NSHAPE=O, CARD Nf. 4 1IS:
4 X1E,RI1E, GCE , GAMMAE , EMNE (5F10.6)
SRR PR, IF NSHAPE=1,2, @R 3, CARD
Ng. 4 1S:
4 ¥2E,R2E,BETD2E, X1E,R1E,GCE, (8F10.6D
GAMMAE , EMNE
5 TRPE1,RECHMP (2F10.6D
6 NPRINT, NCASE ,NPUNCH, KPRESR (12,13,211)
EERRERE 1F KPRESR=0Q, CARD N@. 7 AND
FALLAWING ARE:
7 ~ PRIIE,BLRDS, ENGRY (3F10.6)
[RERESE gR, IF XPRESR=1, CARD N@. 7
AND FOLLEWING ARE:
7 PREOIE,BLDRY , ENGRE (3F10.6)
T Hote:  There are (B+{CASE) data cards per case.
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BOUNDARIES ONLY.

TABLE 4

TSABPP-2 INPUT OPTION 3 CIN@PT=3) FOR CALCULATION
OF INTERNAL-FLOW CONSTANT-PRESSURE
INPUT BY NAMELIST/DATA/:

" EDATA INgPT=3,A='...', etc. GEND"
Variables Default Values Input Values (INBPT=3)
INGPT 1 3 +
— ]

AC20) --- INPUT
X11 0.0 st
R11 1.0

f BETDII g.0

1' T GAMMAI 1.4

5' EMNLI 0.0 INPUT

i NCASE .LE. 20 0 INPUT
PRCID, 1=1, NCASE t+t THFUT

THPRCID=PB/POI.

TRequired input value.

+t0ptional input value.
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TABLE 5

’

-

TsABPP-2 INPUT OPTION 4 (INgPT=4) FOR CALCULATION OF

EXTERNAL FLOW ONLY:

CONSTANT-PRESSURE BOUNDARIES.

NAMEL IST/CATA/ :

AFTERBODY AND/CR
INPUT BY

" EDATA INPPT=4, A='...', etc. SEND"
Variableg Detault Values Input Values (INgPT=H)
INGPT 1 n +
AC20) -—- INPUT
NSHAPE 0 0 1, 2, or 3 |
X2E 0.0 --- st
R2E 1.0 —
.
BETD2E 0.0 - INFUT
X1E 0.0 * INPUT
R1E 1.0 INTUT
GAMMAE 1.4
EMNE 0.0 INPUT INPUT
NCASE .lLtk. 20 0 INPUT THPUT 4
PRC1D, I=1,NCASE it 1INPUT INPUT
Thequired inpui value.
Ttoptional input value.
t1+Af terbody only: NCASE=0.

+++PRC1D=PB/POE.
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TABLE 6

PRINTED QUTPUT DATA AND OPTIONS

FOR THE TsABPP-2 FROGRAM

Input option, INgPT= 1,2 3 h
Printed OQutput bata NPRINT= oo
-1 0 |+l
1.0 Afterbody data x| x % x
1.1 Geometry and flow input data % X X X
1.2 Surface data: LX,R,M,P/PE ,Cp] % X x x
1.3 Drag coefficlent, Conr X b4 X x
2.0 Identification heading % b X % X
3.0 Summary of input data X x ® X %
4.0 Current iteration-step results x b
4,1 (I) boundary data:L){Bx sRy; ,GM ] x x
4.2 (L) boundary data:[X_, Ry ,BBE] X %
4,3 1Inviscid impingement point data X b
4.3.1 [X,Kk,9,M,83 % X
4,3.2 (85 WPy /PBJ for the shock system % x
4.4 Turbulent mixing resuvlts X X
4.4.1 Current trial input ¢ ta X x
4,4.2 Dimen:ionless mass_and energy X %
transfer ratlos, [B,E]
L.4,3 Current basc-pre-sure and basc- X x
temperature data LPB ,TB obyL]
tor AELE”,(Z‘B)BOJ = 0 and
ALL‘B’('IB)BUJ =
%.0 Sclution data [:GBS .”_1‘-33 Loy ,CDB] % X x
when AEL 'us ’,'_ITBSJ = 0 and
[sz ’TBSJ =0
tx = Data printed.
32
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TABLE 5 :

e

TSABPP-2 INPUT OPTION 4 (iNgiPT=LD FOR CALCULATION OF
EXTERNAL FLOW ONLY: AFTERBODY AND/OR
CONSTANT-PRESSURE BOUNDARIES. INPUT BY
NAMEL IST/DATA/ :

" EDATA INgPT=4, A="'...', etc. EEND"

Variables Default Values Input Values (INPPT=L)
INGPT 1 . +
AC20) --- INFUT
NSHAPE 0 0 i, o, or 3
X2E 0.0 —-— et
R2E 1.0 - %
BETD2ZE 0.0 --- INPUT

' X1E 0.0 # ILPUT
R1E 1.0 InpPUT
GAMMAE 1.4 % &
EMNE 0.0 InreT INFUT
NCASE .LE. 20 0 nreT ITHPUT T

] PRC1D, 1=1,NCASE T+ INPUT INFPUT

I

! fPequired input value.

f Tteptional inpur value,

E TttAf terbody only:  NCASE=0.

,? HHH+PRC1)=PB/POE.
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TABLE 6

PRINTED OUTPUT DATA AND OPTIONS

FOR THE 1sABPP-2 PROGRAM
Input option, INBPT= 1,2
Printed Output bata NPRINT= .
-1 | 0 +1
1.0 Afterbedy data xt| x X
1.1 OGcometry and tlow input data X % b4
1.2 Surface data: [X,R,M,P/PE,CP} % x X
1.3 Drag coetficient, CDBT X X ®
2.0 Identification heading X X X
3.0 Summary of input data b3 X X
4.0 Current iteration-step results x x
4,1 (I) boundary dat“:LXBx‘RBx‘Onx] X
4.2 (E) boundarv data:[XBE,RnE,OBE] x
4.3 Inviscld impingement polnt data b3 X
4,3,1 [X,k,0,M,5] x x
4.3,2 LOS,PS/PB] for the shock system x X
4.4  Turbulent mixing results x x
4.4.1 Current trial input data X »
H.4.2 Dimensiculess mass _and energy x %
transfer ratios, [B,E]
4.4.3 Current base-pressure_and base- x X
temperdture datd [FB,TB,L,L]
for AEPLn'(In)uo] = 0 und
[_\l'.[}'n,('l'B)Du_] = u
5.0 Sulution data [,T-’BS s +Cpy 2Cop 3 x X X
when AL{PBS,TBSJ = ¢ and
Mllbgg oTygd = 0

i = bata jrinted.
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TABLE 7

PUNCHED OUTPUT DATA FOR THE
TSABPP-2 PROGRAM (NPUNCH=1)

Punched Summary Output Data (NPUNCH=1)

1.0

1.1

1.4

Flow Configuration

Internal Tlow:
LM By s Dy Ko Y, |

External Plow: (no atterbody)
(Mg By =05 Dy Koo YE]
Miscelluneous

LXII/DIE’ le/Dlz‘ T ToE/ToI]

Afterbody

| NSHAPL , x2£/D 8

2E? "2 1" 1EY TiE

No-Solution Cases

Current Values of:

Uon‘ Iu’ Pu]

Mussage:

Y'INg SHLUTION  PB/PE=X.XXXXX"
Configuration Identitication Heading, ii Last Caue

Solution Cases

Solution Values of:

lPDI, t Pn‘ C C

1’ PB* DB’ }i:‘l-" L'I‘]

Configuration ldentification Heading, if Lant Case
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TABLE 8

Summary of the configuration data for the parametric study of
the afterbody influence on base-pressure ratio,
base drag, and overall drag

| Confiquration Data

; Variable External Flow Internal Flow l.

| (E) (I),(11)

| 14 1.4 1.4

| R[Ibs-f1/1by, -°R] 53.35 53.35

! M 2.0 2.5

|

8 (2€) (1E)

| X 0.0 2.0 2.0

f R 1.0 RI1E 0.6

| B (degrees) B2¢ B1ie 0.0

l Toe=1, EO=O, r =10, §o=0 or as noted

'l Conical Boaottail | Tangent-Ogive Boattail Conical Flare

, NSHAPE =3 |(Bzg =0°), NSHAPE = 1| NSHAPE =3

[ ~ - -

o f — s

i Bee Rie Lor,]\h:?#égilon Rie BaE R1e

|

| 0° 110 1 1.0 o° |1.0
N -2 9302 2 9302 2 1.0698

i -4 | .8601 3 .8601 4 | 11398
B -6 7898 4 .7898 6 1.2102

;? -8 .7180 5 7180 | 10 | 1.3527
N -10 6473 6 6473 | --- -
N -11.309| .6000 7 .6000 | --- -—=

| Figs. 5 Figs. & Figs. 7

:
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(a) Inviscid conical-boattail drag coefficients

Figure 5 Conical-boattail configurations
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(b) Conical-boattail pressure distributions

Figure 5 continued
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(c) Base-pressure ratio variations for several conical-bnattail angles

Figure 5 continued
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(d) Base drag coefficients for several conical-boattail angles
Figure 5 continued
i
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(e)

Variations in the combined boattail-base drag
coefficient for several conical-boattail angles

Figure 5 continued
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(f) variations in the combired conical boattail-base
drag coefficient for several pressure ratiuvs

Figure 5 continued
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Figure & continued ~
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(a) 1Inviscid drag coefficients for tangent-
ogive boattails (82£= 0°)

Figure 6 Tangent-ogive boattail configurations
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(b) Tangent-ogive boattail pressure distributions

Figure b6 continued
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(c) Base-pressure ratio variations for
several tangent-ogive boattails

Figure 6 continued
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(d} Base drag coefficients for several
conical-boattail angles

Figure 6 continued
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(¢) Variations in the combined boattail-base drag
coefficient for several tangent ogive boattails

Figure 6 continued
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f.gure 7 Conical-flare configurations
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(b) Conical-fiare pressure distributions (approximate analysis)

i ' Figure 7 continued
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(¢c) Base-pressure ratio variations for several conical-flare angles

Figure 7 continued
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(d) Base drag coefficients for several conical-flare angles

Figure 7 continued
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(e) Variation of the combined conical flare-base drag
coefficient for several conical-flare angles

Figure 7 continued
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Figure 8 Conical-afterbody cenfigurations
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Figure 9 Comparison with the experiments of Baughman and Kochendorfer [5]
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Figure 9 continued
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APPENDIX A, TWO STRFAM AXTSYMMITRIC BASF PRESSURF PROGRAM
MAIN PROGRAM {YSABPP-2) PAGE A~ 1
C TWO- ST RE AM AX I SYMMETRTITIC B A& SF MAIN 10
C PRF S SUR PROGRAM TSABPP -2, MAIN 20
C AFTERRADDNDY NPT TITONAL BEFORE MAIN 30
C FX T E R NAL 5 T R F A M SEPARAT ITION PO T NT . MAIN 40
c { 1 96 9 FNORTRAN v i MAIN 50
C MAIN 60
Cexux&THIS PRNGRAM 15 RASED ON THF FLOW MODEL 0OF XORST, FT. Alay MAIN 70
C REFFRENCE ==~ UNIVERSITY OF TLLINDIS REPORT NN, MF 3Q2-4, MAIN RO
C MAIN GO
(enz¥&WRITTEN RY --- A, L ADDY, UNIVERSITY OF TLLINDIS,. MAIN 100
C MAIN 110
Cres®xPROGRAM REFFRENCES—== .5, AKMY MISSILE COMMAND, REDSTNNE ARSENAL,MAIN 120
o ALABAMA, REPDRTS NN. RN-TR--69-12y-13y-14. MAIN 130
¢ MAIN 140
CxdasxdCONF JGURATION --~ UNIFORM (OR CONTCAL SUPFRSONIC INTERNAL (NOZZLE) MAIN 140
C FLOW AND UNIFDRM SUPERSONIC FXTFRNAL FLOW WITH MAIN 160
(. DR WITHNUT AN AFTERPAIDY PRECFDING THE MAIN 170
C SEPARAYION POINT. AFTERBODIFS--=- MAIN 180
C 1) 0OUIVE, PARABOLIC, AND CONICAL MAIN 190
C BOATTAILS. ({BFTAZF LT, 0.N) MAIN 200
C 2) APPROXIMATE ANALYSIS 0OF FLARES. MAIN 210
C (BLTARE .GY, 0,01 MAIN 220
C MAIN 230
Cxxsxx INPUT DATA =-=-- SEE TNJUT, MAIN 24D
C OUTPUT NATA -—--  SEE INOUT, OUYIM,0UT2M, OUTBDY, AND CROSS. MAIN 2450
C INPUT/DUTPUT NDPTIONS  ~--  SFE INDUT, MAIN 260
¢ MATIN 270
CHxx%aNOTE REGARDING 1/0 UNITS—-- MATN 2HO
r UNTT = %, READ MAIN 290
C UNIT = 64 PRINT MAIN 200
C UNIT = 7, PUNCH MAIN 310
C MAIN 320
CkeaMASTIR REQUIRES —-~— INOUT, OUTIM¢ DUTZM, ACPBS, CROSS, TJIMIX, MATN 330
C ITER.  THE VARIOUS SUBROUTINES CALL OTHERS, MAIN 340
C MAIN 350
C MAIN 360
DIMENSION PLB{100y5:2)y CHARY (5,430}, CHARE{5,30)n P1LS), P2(5), MAIN 370
1 P2{5), A(20), DATA(10,2)s BPT1(5,301, RPTE(5,30) MAIN 380
COMMON PMBy, CHARI, CHARE, P1, P2, P3 MAIN 390
COMMON  JEREVP/ PHI(250) MAIN %00
COMMUN  /DATAIO/Z GCI.GAMMAT (EMSIT X211 ,R1I4BETALT, MAIN 410
1 GCE.GAMMALE ,EMS1E X1 (RYEVBETALEZPROLOE, MAIN 420
2 TROEIyPRITE,ZRECOMP, 0, EMNIT ,PRIDY yEMNLE,PRIOLIE, MAIN 430
2 NPRINT yNCASTyMNCASEZPLDROYENGRO,RE, EMNE, PREDE, MAIN &40
4 NPUNCH,PROEQNT yPRUOIE, POIFOL yNSHAPE,NETSEPRLITIE  MAIN 450
C MAIN 460
NCASF=3 MAIN 470
& NCAS1ED MAIN &8O
127 TF(RCAST.EQ.NCASE) NCASI=0 MAIN 490
(xeezaRFAD/WRITE PASE RRESSURE CASE INPUT DATA. MAIN 500
caLt  INOuTY MAIN 510
TFINCASF,.EC.0) GN TO 8 MAIN 520
Coruas  IMITING RADNIT FOR (1) AND (F) STREAMS ARE SPFRCIFIED HERE. MA N 530
RLI=L,5%R}E MAIN 540
ULE=0,5%xR 1] MAIN %50
Ceoenas INITIALTZATION OF BASE PRESSURE 1 ERATION 1LGOP, MAIN 560
NTRANI={1.1-TROE1}/2.0 MAIN 570
BPR=0,%0 MAIN 580
BPRL =0 .9 MAIN 590
Crsres(MPIR[CAL SFPARATION PRESSURE HATIO EXPRESSION FROM-- - MAIN 600
C ZUKDSK ], A1AA JUURNAL, OCTORER 1967, VOL. 5y NNL 10, PP,1746~17%3.MAIN 610
( PRSEP = 1.3 + 0,365%(MACH NO.). MAIN &£20
TreriabXTEIWNALZINTERNAL FLUWS SEPARATION PRESSULRE RATIODS, MAIN 630

59
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L APPENDIX Al THO STREAM AXTSYMMETRIC BASE PRESLSHRFE PROGRAM

’ MAIN PROGRAM (TSARPP=2) PAGE A&~ 2
!
3

| PHSIE = 1.0 + 0.265%EMNILF MAIN 640

: PRS1i = 1.0 + O.3R5H¥EMNLI MAIN ©5S0

BHeRR = PRSI MAIN 6t0

TF CC(PRSIT/ZPRSIEIZPRITLIE) (LT 1,0} APRR = PRSIT#PRIT1E MAIN 670

NDSOLN=) i MAIN &R0

NOSMAX = 10 MAIN 690

1BPR=1 MAIN 700

TORPRMX=1Y MAIN 710

NpbR =] MAIN 720

NYYPE=1 MAIN 730

[+0ABS (TROFI-1.0).Lt.1.0L-03) NTYPE=3 MAIN 740

20 T (1RPR JLE. TRPRMX) GO TO 40 MAIN 750

c MAIN 760

WRITE (6,22) BPRL, BPP, BEPRR MAIN 770

22 FURMAY (//y 15X, MAIN 7RO

1 530 e%&MAXTMUM N0, OF BASE PRESS. ITERKATIONS FXCFEDEDexx /7, MATN 790

2 IBXp10H ¥XeBRPRL & 3ET7,442X,TH BPR = ,FT,4,42X, MATN R0OO

3 TH BPRR = (FT.by4H %%w,/ ) MAIN B1G

C MAIN H20

TF{{ABS{BPR-APRR) 4Ll .1,0F=3).0R, [BHR,GTJBPRR)) WRITHEIA,24) MAIN B30

249 FDORMAY (15%X433H *»x DROBABLF FLOW SEPARATION FOR ' MAIN R40

1 P0H SPECTIFIED DATA  ww& /) MATIN R50

C MAIN 860

WRITE L&y 26) MAIN B70

26  FORMAT {15X, MAIN B8O

1 BAH ks rnn xSk bhr itk rad e s b ok kot uddsananarnaenesd S)MAIN AQQD

GO TO 260 MAIN 900

C MATIM 910

Cxe4xxCKECK THAT BPR 1S IN THE SOLUTINON RANGE, (BPRL,RPRR), MAIN 920

40 IF ((BPR 4GFe BPRLI JANDe (BPR .LE. BPRR)) GO TN %0 MATN 921

RPR=[(RPRL+BPRR) /2.0 MAIN Q40

CorexekCALTULATE THE EXPANSTON PRESSURE RATIOS FOR THF BOUNDARY CALTS, MATN 9%0

% PREB1EL = HPR MAIN 960

PRBfIIE = BPR=PR10OLE MAIN 970

PRBOT=PRBOLE*PDENT MAIN “HO

PRR11=PRBUIT/PRIOT MAIN Q90

PRBE={PRBOTEXPROLAE ) /PREOT MAIN10OO

PRBUOE=URANOIE*PROTOE MAINLIOLO

CPu2,)2 L IPRAE~1.0) /(GAMMAE® ( EMNL%%2} 1)) MAIN] 0?20

CO = -CPE{{RIF*&2-RII#%2)/RFe%2) MAIN]O3D

CoenwxWRITE VH{ CURRENT TRIAL SOLUTION DATA, MAIN10&0

CALL OUYIM{IRPR,AyEMNLI,PRINTPRBUT,PRBITPROEOTZTROFT 4PRITE, MAIN1050

1 EMNTE yPRIODLESPROOLE.PRBLIE,EMNE L PREDF,PREBOEPROTT, MAIN1060

? PROEyNPRINT 4 BLDRO, ENGRUZNSHAPE ) MAIN1O7O

CowrxaxTHE INTFRNAL CONSTANT PRESSURF BNDRY IS CALCULATED FOR (PB/POI). MAIN)DBO

70 CALL ALPBS{GAMMAT,EMS11,PRBOI4X1i,R1T1,BETAL],RLTL, IRPR,NPTSI], MAINLINSQ

1 NPRINT, 1 yLIMITIBPT1 NSHAPE) MAINL1OO

C*sx22THE CXTFRNAL COMSTANT PRESSHRE BRNDRY IS CALCULATED FOR (PB/PD1E). MAIN1L1O

80 CALL ACPBSIGAMMAEFMSIF,PRBOLIE ¢X1E4RIEyBFTALERLF+IBPRaNPTSE MAINL120

1 . NPRINT 2y LIMITE  RPTE MSHAPE) MAINI130

Coeexs[F IMPINGEMENY OCCURS, THL TMHINGLMENT PDINT AND THE FLUW HAINLL14D

C PROPERTIES ONWNSTREAM OF THE RECOMPRESSION SHOCK SYSTEM ARE FOUNDLMAINLLSO

c MAIN1 160

CALL  CROSSUGAMMAIBPT1,LIMITI,CAMMAL sBPTESLIMITE, MAINL17Q

1 NTICoNEt yNSTOPy TUMLT s TIMLE » PRSFUOKZNPRINT) MAIN1180

[F(RECOMPAPRSHOK LT 1.0 «AND. NSTOP FQe 1) NSTOP=2 MAIN1190

GO TO (90,82.,84), NSTOP MATIN1200

CrxuxxNG INVISCID SOLUTION TRIAL CASES. MAIN1Z10

C NUMBER OF NO SOLUTION TRIALS = NOSMAX, MAIN1220

Cres*xN( SOLUTINON=~~N{) TMPINGEMENT DR INADMISSIBLE SHOCK SOLUTIGN, MAIN123D

82 RAPRR=HPR MAIN1240

GG TO 86 MATNL?50

CrxseN( SOLUTION-~-SHOCK SYSTFM NOESNT EXISYT FOR TRIAL VALUF OF HPR, MAINL?260

B& RPRL=BPR MAIN]1ZT70
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APPENDIX A THOD STREAM AXTSYMMETRIC BASE PRESSURE PRIIGRAM
MAIN PROGRAM (TSARPP=2)

86 APR=(BPRL+BPRR} /2.
NOSOLN-NOSULN+1
IHINUSOULNLLE.NOSMAX) GO TO 20
CHuxasMAX [ MUM NUMBER OF NO-~SOLUTINON TRIALS FXCEFDED,
C
WRITE (6,88)
8B FORMAT(//,
1 15X,49H x&MAXIMUM NO, OF NGO SOLUTION TRTIALS EXCEEDEDS Y 4/
2 15X'l.9H 1323223 NRSEE0-2F 3 2R 22RR SRS R8-S 32 2-S 2R 2258 84 /)
GO TO 260
C
C*2*xxxGTARTY BASF PREFSSURF AN{) TIMPERATURE RATIO ITERATION LUOOPS.
90 TRBOI=TROFI
Té=1
NF=1
100 TRBOE=TRBOI/TROE]
CexxxCALCULATION AND QUIPUT OF TURHBULENT MIXING RESULTS.
CALL  TJMIX{GAMMAT ,GCT4BPTII3,NIC],TRBDI, TMLT,
] GAMMAE yGCE 4BPTE(3+NFC) o TRBOE s TUMLF
2 RIT,EMSIT4BETALT;APTT(2,NIC}, PRSHOK,
3 PNLIFOTy TROET yRECIIMP 3y RLDR y ENGR )
CALL QUT2M(PRRBREyPRBLIIyPROFOT ,TRAOQE,y TRBOT,, TRUOET (OROTE 4PR1IE,
1 © BLDRYENGRyNPRINT sCPyCy BLDRO, ENGRO
CHexxxSET--UP JTTFRATION LQOPS TO FIND-=-
NTYPE=1 (NONISOFNERGETIC)y TRBUI SO THAT ENGR=tNGRD,
NTYPL=2 (NUNISOENFRGUTIC),y, TRBOI SO THAT BLDR=8BLDRO,
NTYPE=3 (ISOENLGETIC)y CONTINUE 10 BASKF PRESSURE YITFRATION LODP
TO FIND BPR SO THAT BLDR=RLORO,

[sEzNesiaNal

GO TO (124,1264210)y NTYPE
Cx+xx TRBUT ITERATION LOOPS FOR THE NON-ISOENERGETIC CASE.
124  VAR=(ENGR-ENGRO)
Gt 70 130
126 VAR=(BLPDR-BLNRD)
130 GO 70 {(140,147)s NFE
147 DATA(IE,1)=TRROI
DATA(TE 2)=VAR
Cr*%xx&ITERATION FOR TRBOTI SUCH THAT ENGR=ENGRO OR BLNDR=RLDRO.

C {(NOTE THAT TRROT IS RESTRICTED TO THE RANGE (TROET,1.0) }
Cc
142 CALL TTFR{TRBOIWDTRBOI2140F-441.0,VAR40.0y 1.0F=-5,TE,Nt,
1 TREBOINsVARNS TRBOIP , VARP ,NSGNV ]y NSGNV2)

IF{TRBOT~1.0)150,1%0,160
150 GO TO (102,107,200}, NF¥
C*e%*xEXTRAPOLATION, [IF NECESSARY, FOR TEMPERATURE RATIN TRBOI
¢ SUCH THAT ENGR=ENGRD DR BLDR=BLDRU.
C
167 ITt=1F-1
TFLARS (DATA(1,2))~ABRS (DATALTE,2)1) 170,170,180
1v7 I=1
11=2
GO 10 190
M0 I=IF -1
11=1¢
190 RATIN={NATA{IT 1} -DATACT 1) /Z{DATALLT2)-DATA(T,21)}
TREOTI=NATA[T 1) -RATTOXDATA(T,2)
200 GN TO (2)2,204), NTYPF
212 TREO=TRANI
NTYPE=?
Gn TO 99
/)& TRRO=TRAOI
NTYPF=1
froezeEND TRBOT ITERATIDN LODPS.
CesnezCOINTINUF THE RASE PRESSURE RATIO (BPRY JTFRATION LOOP TO FIND

PAGE A- 3

MAIN1280
MA IN1290
MAIN1300
MAIN1310O
MAIN1320
MAIN1330
MAIN1340
MATNI35D
MAIN13640
MATN1370
MAIN1380
MAIN1390
MAIN1400O
MAIN1410
MAIN1420
MATN1430
MAIN1%40
MAIN1&450
MAIN1460
MAIN1470
MAIN1480
MAIN1 490
MAINISQO0
MAIN1510
MAINL1520
MAIN1%30
MATIN1540
MAIN1550
MAIN1L60
MAINLS70
MATIN1SB0
MAIN1590
MAINL6OO
MAIN1610
MAIN1620O
MATINL1 630
MAIN1640
MAIN16&650
MAIN1I660
MAIN1GTO
MAIN1GRO
MAIN]69C
MAIN1700
MAINITZLIO
MAIN1720
MAIN1730
MATN]1740
MAIN]1750
MAIN1760
MAINL 770
MAIN17RO
MA TN1 790
MAINIROO
MAINISLO
MAINIB?20
MAIN1830
MATN1 R4
MAINLRYO
MAINLIROHO
MAINLIRTO
MA[NIRBO
MA [NLROD
YAINIO00
MAINIQLO




APPENDIX A IV STREAM AXISYMMETRIC BASE PRESSURF PROGRAM

MAIN PROGRAM (T1SAdPP-2) PAGE A~ <
C BRPR SUCH 1THAT OVAK=0, MAIN1920
Cxex2efF R THE NON-TSOENERGETIC CASE, MAIN1930
DVAR=ITREN-TRAN) MAIN]1 Q4D

GO T 214 MAIN1950
Caxmexb(JR THE T1SOFNERGETIC CASE. MAIN1960
210 NVAR= {(BLDRO-RLDR) MAIN1GTO
214  STGN=DVAR/ARS{DVAR) MAIN1 98RO
TF(SIGNY 218421H,222 MAIN1990

218 BPRR=BPR MAINZ2CQOD
GO 10 2?28 MATNZ20LO

22?2 BPRL=BPR MATIN2020
226 IF(IRPR-1) 230,230,423 MAINZ040
230 DNBPR={BPRR-BPRL) /P, MAINZO&4O
GU T(Q 248 MAINZ0SC0

234 SIGN=1.0 MATN2D&0
DRPR=~( (B R=BPR1 )/ {DVAR-NVAR]L) ) =NV AR MAINZ20TQ

238 3PRI=RPR MAINZOBO
NDVAR T =DVAR MAINZORO
Crazxtx [ TERATION FOR PR SUCH THAT DVAR=0. MAINZ 100
CALL I1TFR{BPR,OBPRy1a0b=4ySIGNyOVAR 0.0y 1.0E-5,T8BPRyNAFR, MAINZ110

1 BPRN DVARN,APRP OVARP yNSGNB1,NSGNB2) MAINZ2120

GO T {20 42047242), NBPR MATNZ2130
CaxxxxS0LUTION FUUND, MAINZ] 40
262 LN TO (200,250,2%4) s NIYPE MAIN2150
CosndxWRITF SOLUTION DATA. MAIN2160
C - MATNZ2TITO
250 WRITE (6,252) MAINZIRD
257 FORMAT{//, 20Xy 3A7H %#&NON-ISOHNERGETIC SOLUTTON#*»= ,/, MAINZ190
1 20Xy 3A72H PxtocadikRadadLadaedRayRevd ckk S 1) M&INZ2200

G0 TO 2t 8 MAIN2210

c MAINZ220
254 WRITE (6,256) MAIN2?230
2h6  FORMAT(//, 21Xy 281 2¥*ISOFNERSETIC SOLUTION2®% , 7/ MATIN2Z4Q
1 7%y 2HH B4 %2etdddrussd ot oxgadken /) MAIN22S0

C MAINZ2260
258  CALL OUIZMIPRBE;PRBLTZPROEOT,TRBOE,TRBOTy TROET cPROTE 4PRYY MAIN22T0
1 BLNDRyEtNGRy1:CP,CTi, RLDRO, ENGRO) MAIN2280
TF{NPUNCHY 10,10,270 MATIN2290
CexxuPUNCH SOLUTION DATA, MATIN2300
260 TFUNPUN-"H) 17,10,426% MAINZ3L10
[ MAINZ320
265 WRITE (74267} PROIE, PRITE, PRAFE MAINZ330
267 FORMAT{ F1l.4,5X, 11HNU SOLUTION, SX, 9H PL/PL = FRH) MAINZ2 340
GO 10 2:0 MAINP 350

C MA [N? 360
270 RI1IF=R11/RE MAINZ370
Creaxd{T—-=1/0A {THRUSY COFFFICTENT ). MAIN2 380
CT = ((RITE**2)/(0.52GAMMAE®(EMN Ex«p) ) )* (PRITF2{1,0+GAMMALR MAIN2 390

1 (EMN1T#%2))-1.0) MATNZ 400
CRr¥ERERMF =~ JET-TO~FRFESTHEAM MOMENTUM FLUX RATIO, MATINZ2G10
REV = {CAMMAT=(EMNYI T2 )2 (R11E+#%2)%PR1ITE )/ (GAMMAEX= [ FMNE%%2])) MAINZ &0

C MATNZ 430
WRITE (T,272) PROIF ¢PR1IIELPRAF 4CP,L,CDyRMF, Y MAIN2 440

272 FDORMATI?F11.4,5F11.5) MAINZ S50
C MAIN246D
280 TF (NCASL JEQ. NCASEY WRITE (7,282) {A{1]1,1=5,20) MAINZL4TO
282 FORMAY | POAG e/ BOHEIA 4444434444444+ 3444+ 4444444444444+ 4+ 42144+ +4+MAINDSLRO
1443+ 4444444444144 341444444442 444+44) MAINZ490

C MAINZ2500
(wxx20G() 10 NEXT CASE. MAINZ2510
GO 10 1 MATINZ2%20

END MAINZ %30
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APPENDTIX A, TWD STREAM AXISYMMETRIC BASE PRESSURFE PRIGRAM

SURROUTINE  [NOUT (TSARPP-2) PAGE
SHRRDT TN TROUT INOU
C INDU
CHExI 0 SURROUT MY READS TN THE INPUT DATA AND THt M CALCULATFES Tt The0f TR
« DATA FDR THE MASTER PROGRAM.  THE TOENTIEICATION; HEADINGS AR INOU
C INPUT DATA ARE THEN WRITTIEN i JNCH
(. INOU
(. TN
( ERL VAR JARLE Greus I
( INnOU
(. INOU
‘. FOR FTTHER THE INTLRMAY (1) OR O FXTERNAL (i) STHREAM TNOU
3 INOU
( BRETOD = FLOW ANGHE [IN pEGREES) AT (X1sR1)e COCwW IS PUSTIVE, 1NUL
t CPET0li 1S (4} AND BEIDIE 1S (=) ) 1N
( HETN2E = INETTAL BROATTAIL ANGLE AT (X2F4R2t). INGU
{ BLORO = SPHOTHIED valur DF THE BLEED RAT 0, INOUY
( FNMGRO = SPLOTEIED VALUE OF THE ENERGY RAT I IN(IU
Iy b M- = VXTERNAL FRILSTREAM MACH NUMHELER, TN
( EMYT = MACH STAR Al (11, INUU
( LAMMA = RAYVIN UF SPICTIFIC HEATS, INOY
( 60 = GAS CUNSTANT (LBE=FT/LBM=R) INOU
[y [EUTEEN] = 1y INEF{ RAY NAMELIST /DATA/ (NLY, THe DEFAUY NIy
¢ CONBETGURATTON SPECIFTED IN INOUT 1S AVATLARLE, _ TNy
c = 2y INFUT MUST HE SPECIHIFD Ry & COMPLETL SET 0OF DATA 1NOUY
( CARDS FUOPLOWING THE £ TRST CARD=—== 'SEDATA INOPT=? SENDIINDOU
[# = Ay INPUTYT SPECTETED BY NAMELISYT Z0ATAZ FOR CALCULATTON INDU
C OF INTERNAL —F L OW (DaSTANT=PRESSURE BOUNDARTES, I o
& = 4y INPOT SPECIFIRO BY NAMELIST /DAYA/ FUR CALCHLATIUN INOIL
C (O FXTERNAL FLDOW—~=ARTHRBUODY ONLY (NCASHE=0) AND/DR INUY
« CONSTANT=PRESSURE HOUNDARTLS, INJU
[ KPRESR = O, PKITE IS INPUTY AND PROTIE IS CALCULATED, INUL
( = 1y PROTE IS IaPuUY,y AND 2R1ITE 1S CALCULATEDS INUU
C NCASE = MUMBEK HF PRESSURE RATTOS, PLIZPE o FOR WHIGH HASE INOU
L PRESSURE CALCULATTOING ARE T{} BF MADE FUR A GIVEN SET 0 1NOU
C CONDTPTONS AND GEOMETRY, 10U
. NPUNCGH = 0, SOMMARY DUTPUT DATA NOT PUNCHED. INDU
¢ = 1y SUMMAEY OUTPUT [ATA PUNCHED. 1NOU
¢ MPRINMT = =14 INPUT DATA AND BASE pPRESSURL SOLN PRIMYED. 1 NI
€ = 0y INPUT DATA, TTERATTONY AND SULK PRINTIND, I N6
r = 4]y INPUT DATA, TTERATTIUN, (,P,H, DATA; AND SULM PRINTI 1, ] NOG
{ NMSHAPE = 0, NO ROATTAIL a ITNOU
¢ = by OGIVE BUATTALL . [ NOW
( = 79 UVARARDLIC ROATTIATL . 1IN
[ = 4y CONTLAL BOATTATL . TNOU
( PR1]Y = STATIC PRESSURE RATTU IE STRIAML, PLY/PL, TN
( PROEOT © STAGNATEION PRESSURLE RATIO DE STIREAMS, ViN-/P01, TN
t PROTF = IMTERMAL STREAM STAGRATION PRESSURE 10 EXTERNAL STREAM IN(IY
f STATIC PRESSURE RATIO (MOJZ7LE CHAMBIR TN FRELSIREAM INDU
( S1AT10 FRESCURE RAY IO, PGI/PE, I NGO
« RECHMp = mrrpMbiy Cotens (0 R 10 TERNT . TNOU
( MOTE ~-= TF THE INPUT Voot fH HECOMP=0.0 JAND. 1R
t 1) NMSHARE=O, TH; 't RECOMU IS CALS ULATED T ROM 1Ny
f EMP L TCAL BEOUATTON (IN CARD NIT. INDUZGZU, [ ENHIN
¢ 2) NSHAPE =) 243, THEN RECUMP=) .0 1S CURKENIIY 1)« b, TN
( TeO | = STAGRAT IO TEMPERATURE RATIO OF STREAMS, TOF 00, [ARIRIY]
! X1 4R1 = CHORDIMAIES OF POINT WwHiERE T PARATTION OCCURN. Jiron
! (3108 ARE POSTTIVE) PO
! X7t Rt IMTTIAL COODRUGIMARES OF T bBOATIATLL . Lt
t Tasotl
Py

! TOLPRESNUCE RATTL ROTATIONE pi.
1t

oo

A- 5

1o
20
A0
L)
50
60
T0
HO
QY

100
110
120
130
1460
150
160
170
!
1€
200
210
22N
230
740
2ha0
260
270
2ng
90
300
ilo
370
350
340
3L
360
ENAS
IR0
LN
&ithy
&) 0
G0
G40
L4
ahn
4630
6LTN
440
qu0
L)
510
520
540
LY AR}
550
5¢0
ST
Sty
RIS
GO0
610
vas
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APPENDTX A, TWO STREAM AXTSYMMETRIL BASE PRESSURE PRUGRAM
SURROUTINE TNOWIT {TSABPP-2)
PRINOY = ©#31/p01T, PRITE = P11/PH, PRUTYL = POY/PE,
PRITIE . YT/, POTEOT = POYE/POT,  PRIOYE - pPIt/POLE,
PROYNE = Lyl /P13, PREOF = Wi /pOt, PRUEOT = vOF R0,
Prllg = Ph/P1t, PREOLE = PR/POILL PRET T = PB/P1T,
PRunNT = PrspPal, PRIV = pR7pt, PRIEE = PYH/PL,

o PROGRAM TNPUT vz

CrakeECOMPLETE INPUT DATA FOR DEFAULT OPTION (INORT=} ).
LDATA  AsV e ooy X1I=3R1I1=,RETUIT=,GC = GAMMAT =, I MNYI=, TROL 1=,
INODT= g MPRINT: g MFUMLH=,  KPRESR=yNLASEe ¢ PR=, BRO= ,ERU=y LEND .

IT IS5 NOT NECESSARY 10 SPECIEY ALL G THE VARIABLES SINCE ALL
PARY Uf THE DFRFAULY CONETGURATINN CAN HE USKFD,  HOWEVER, 1t

(SEF TANMES 1,744,044 4 REPORY RD-TR=69=~1a),

alalatalsEaiaNaliaNeieilslia N alsNsEsEakalakaliel

T MSHAPE = (DLFAULY VALULE )Y

wECARIY 672 NERTINT e NCASE, NPUNGCIH, KPRESR

[t KORESE = O0p CARD KRile 7 AND FOLLOWING A1E =—
=RCARD T AND b LOW T MG PRLTE y KL DR, LNGRL (4b10,h)

"

1 EOATA  A=v o 00 RY T g EMHT To gl MG =y NCASE=, PR= 4y L0y LiND

L

™ TF NSHABE=1,2, % (SPHOTETEO BELOW)

¢

@ GUATA Azt oo VR D=y EMNT - NSHARE S o BETDZE =g X2y R1E =, FMNE =,
(. NCAGE T g PR ==y -y o0y LMD

C

oo [TNBUT DATA AND FORMATS FOR OPTION 2 {I1NOPYT=2),

(.

{. FHCARD s LOATA INNPT=7, +FND

& wrCARD Puv ANY AL PHANUMERTC HEABING TN COLUMHSL L TO 4¥n,

" (AR Rer XY 0y RYDs REVDTE, GU T, GAMMAL, LMNII,

C MLYHAPE (6104641110
C T MSHARE = O, CARD NU, 4 1S--

c BLOARD deun X1by R1by GCLy GAMMAL 4t HPNL (51 16.6)
t

C 1 NSHARPE = 1,7, OR 3, CARD N1y & Y4=-

{ SHELARD 4 d A2by RZ2Ey HEIDZE, XIby R1b, GOE,

G GARBEAL y  EMNY {8F10,6)
&

C AYCARD S TROE T, RECOMmp

C

¢

C

(

«

"

1+ KobbhESE = 1, CARD MO, 7 ANU FOLLOWING AlE=-—

[ FRCARD T OANMD RO D ENG %R PROTEy Bk, ERGRG {2FIN_ R
¢ .

. NUTE THAT THERE ARE [HNCASE) BATA CARDYS PER CASE

@

Corzast INPUT FOPR INTER AL =+FLOW CONSTANT-PRESSURE BUUNDARIES (INGIFT -3)
(.

(. EOATA Asd oo ut y INUPT= 3 EMNL T = BETDTI TS 4R1 T2 MOASE 2 (PRE~ =y 40wy
g, GAMMAT D

[

Comaz 0 TMPOT RO BY AP REAL=-FL 00 ARTERBODY ANUZIIR CULLSTANT «PRE QSR

( POECEOARTES (e

(.

. AT A Pae s Ny HENIR T sa, OAGH = o F MNE = ISHAL) Sy WETN2E= R =2 1 =,
[ HIt - g bFh ~g=y ae ey AMLA] -, LETD

RECINP = JNSHAPL = X2t =yR2U =, BT 021 2o X1 =y RIE=G0EE  GAMMAL =k MNT =,

FOLLOWING  FINIMOM DATA MUST Bk SPECIFIED FOR t ACH CONFIGURATIDN

(172973.211)

ThOu
TNOU
TNOLY
[LYS1]
INOY
NI
TN
INUGU
INOU
TN
INLILG
TN
INOU
INOU
INUU
INUL
TN
INUIU
TNy
TN
Ty
NGO
IO
pEIRIN
Tt
NGO
o
TNUL
NGO
IRNIEIN
[ ENTELY|

PAGE A~ 6

LH40
HH0
HAO
atTo
68O
xan
700
TV 0
T20
130
TH0
50
Tl
770
7RO
790
K00
rR10
“z20
B30
Hah
R
R6O
IR AN
R0y
BOp
QO
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TN O0O
TN 1 0
INOLIOZ0
MOV 030
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TMnIy 110
InNOulI1 20
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INTT 140
TN 150
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Thtw 200
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ARPDENDTY A, TWO STREAM AXTISYMMETKICZ RASF PRESHIRE PROGIAM
SURRUT TN INOWY {TS5A8PP=-2) PAGE A= T N
C ]hgl]lil?ﬂr)
C e 290
FMNMSE (FMS g GAMMA} =SORT ( ({20 (FMSE2D) ) /(GAMMASYL . N) )/ INOUL 309
1 T1aO-({GAMNMA=] SO} FLHLAMMAI L O] )% (EMS 30} ) ) ITNOUL 31D
FMSMAE (FMN, GAMMA ) =SORT ({0 b (LAMMA+ ] D) T (FMNRED) )/ INDUL 320
1 {1040 N5 (GAMMA=] O} R (EMNRED ) ) ) INO1Y 330
PRMNE [EMNy GAMMA L= (140 ((GAMYA—],0) /2.0 )0 (EMNEE2 ] )% INOLUY 360
1 (—GAMMA/ (GAMMA=1.0)) INOUL3H0
o INOUY 240G
COMMON PN, CHART, CHARE, Pl, P2, P3 INOUL 370
COMMUN  JDATATO/  GCEaGAMMAT yFMS T, %11, 11,RFETALL, INOUL 380
) GChy GAMMAT 4 EMS 1 o X 1R RIELRETALE,PROIDE, INOUL 300
? TROFT(PRITEGRECOMP G AGFMNTT PRINT yEMNIE, PR101E,  TMOUL 400
3 NPRINT yNCAST o NCASY g BLDRND, ENGROGRF , F MNE , BREQY 4 INOUL 410
4 NPUNCH, PROENIT G PROTE ¢ PFOTFOT ,NSHADE y NP TS PRITIE  TNOUL 420
DIMENSTON PMR{I0O0.5,72 )y CHARTI5,30), CHARE(S,30), P1(%), P2(5), INOUL1430
1 PA{S8)y AL70), PRI?01,y BRUI2D), FRIO(20), BOT{%,30) INOUL 44D
NAMELIST ZDATA/Z AyXIT4RIT4BFTOLI yGOI,GAMMAT s EMNYT ,NSHAPF 4 X28 yR72Ey INCHIT G0
1 BETD2E gX1FgRIF (GOE ) GAMMAF £ MNE o TROF 1 ,RECTIAE, INOPT, INCUL 440
7 NPRINT gNCASF NPUNCHyKPHESR PRy BRI, ERIN INQUIATO
C INOUL 480
T (NCASTNELGY) GH TO BO INOU]&uY
Cxeute INITIALTZF THE =DRFAULT CONFIGURATION® ATA. INOUL w00
. Cxtuxak(0R THE INTHRNAL STREAM-- INOULRLO
. X11=0.) - INOUL S0
Kl1i=1.7 INOUY &30
‘ RETN1T=Y ) RGN
GCI=53,3 TN 850
GAMMAT=],4 INOUL S 60
i EMNLT=) ) INOUTS70
Ciuetuab (R THE EXTERMAL STREAM==— INQUL 580
: NSHAPE =0 INDHL R0
! X2+=04) INOUL 600
i k2b=1.) INOUL 610
; Rt TNPE=2.) INOUL G20
. X1t=0 .0 INDU1 630
i R1t=1,) INDUYL 640
) BETD1E=0,0 INDUL6SD
i BETALE=D,) INUUL 660
! GCh=h3,35 INDUL&TO
GAMMAE=1,4 INDUL 680
! FMN( 0 .0 INOUL 690
[ RECOMP=Y .} INOUL1 700
TROFI=14) INOULTIO0
‘ Crx %%z EOR VTRHE RLEED AND ENERGY RATIOS~-- INOLIT 720
. NCASE=D INDUY 730
} DO 8 1=1,2) INOUY 740
: BRO(TINI=0,0 INOUL 750
B FRO(TY=NO) INOUY 760
! CRerns INPUTZ0UTPUT OPYTONS—— INOULT70
i INDPT=1 INOLN 780
NPRINT=-1 1NDOU1 790
, NPUNCH=] YNOU1BOD
! CAxex2 INPUT DATA PRESSURE RATIO (PUI/PE IS THE DEFAULT VALUE}-- INOU1810
KPRESR=] INDOU1820
CeoretREAD INPUT DATA BY NAMELIST /DATA/ . INOU1830
RI-AD {5,DATA) INOUL1 840
| IF(INNPT.NEL?2) GO TO 44 INOUIE50
! Cwwtaxni &) INPUT DATA FOR OPTION 2 {INORT=2). INOU1 860
1i READ (5,10) (A11),1=1,20), INOULGTO
. 1 X1ly R11y BETOLIs GCTy GAMMAT, FMNYII, NSHAPE INOUL BBO
10 FORMAT (2004, /46F10.65111) INOU1B90
C . iNOU1I 900
; ' [FINSHAPE NELD) GO TO 30 INOULQL0
! )
v !
i i
o g b
' {
|




' APPENDIX A, TWO STREAM AXTISYMMETRIC BASE PRESSURE PROGRAM
‘ SURRDUTINE INOUT {(TSARPP-2) PAGL A- 8
c INOU19?70
READ (5¢20) X1ty RYIE, GCF, GAMMAF, EMNE INOU1 930
20 FORMAT (5F10.46) INOUI1 940
GO 1O &) TNOLIT 950
C INGUL1960
1y READ (5437} X2ty RP2Fy BETU2Ly X1t, R1lts. GCF, GAMMAF, EMNF INOQU1B70
12 FORMAT (RF10 LK) INQUII 9RO
C INDU] 980
a4 READ (5,42) TROFTy RECOMP, NPRINT, NCASF, NPUNCH, KPRLELR INOUZ2000
47 FORMAT (2R1D Ay /4124134211 INOU?010
GO 10 %0 INGIU2Z020
C#s»eeCALCIH ATION OF PROGRAM DATA, INDUZ2D2O
“lb TFLINOPTLGT,2) WRITE (6Hhah6) A INQU2040
4t FORMATOINWY,, /774777777774 20X, 20484) INOU20%0
S0 BETALL= 0,0176537¢8ETNL ] INDU2060
FMSTL = EMSMNF(FMNL L ,GAMMAL] 1Nau2070
PRIOT = PRMNE(EMNLIT, GAMMATY INOUZORO
TFLINOPTONEL 3} GO TO 54 INOU2 090
CreaesxCALCULATION OF THE INTERNAL-FLOW CONSTANT-PRESSURF BOUNNARTES. 1NOUZ100
D &2 1=1.NCAaSE TMOUZ110
52  CALL ACPRASIGAMMATL,EMSTIT PROTT¢XITWRIT.BETALT2.02%R1T,T,NPT 41,1, INOU2120
1 CIMIT BAPT  NSHAPE N2 20
NCASE =) INOUZ21460
RETURN INOU21%0 -
CozexaCONT INUATION OF PROGRAM DATA CALCULATION, INDUPY 6O
e DIT = 2.0%R11 INOUZYITO
Dl = 24.0%R 1l TNOU2TRO
X111t = X11/01F N2 190
FISE = EMSMNE (fMNE 3 GAMMAL ) INQU2 209
PREME 3 PRMNF{EMNE » GAMMAT) INDU2210
RIFL = R11/R1F INOU2220
THINSHAPE L HE LD ) GO TU S TNOUZ 230
CeaxuxUNTFORIY | XTFRNAL FLOW WITHOUY A BOATTALL, INOLW2240
Rf = RIF INQUZ 250
FMNTE = FMNE INOUZ2260
EMSTE = pFMSE INWZ 270
PRIVIE = PREOF TNNUZ2 2 RO
PROINE = 1) INDUZ 2530
Gl T0 &R I[N 2300
Craex& AFTERRONY BEFORE TIG CXTERNAL STHREAMAS SERARAYTON POINT. INGUIZ 310
56 HETAZE =0 ,03174532¢81 {0O2F INGIZ 320
CALL ARTIS{GAMMAE ,EMSE 3 X2k K2 BETA2F X1, @1 ,MSHAPE, INOU? 330
1 1oNPTSEGNERRURyCDATY TNOU?2 340
CrxtxeStT-UP DATA FOR EXTHRNAL STREAMAS SFPARATION POINT. INOU2 3480
X1t=CHARE (1,1 INUU2 360 H
RIF=CHARE(2,4 1) NG 370 !
EMSTE = CHARE (3,1 INNDU2 IR0 :
FMNIE = EMNMSE(FMSYE ,GAMMAE) INERIZ 390
RETALIE = CHARF{&4,1) INOU2 400
HETNLE = 572957795501 TALE INDUI2 410
PRIOLE = PRMNF [LMNTE 3 GAMMAF ) INOUZ420 .
PROIOE=T4D §NOHI2 630 .
RE = H?F TNDUR &40 !
D2+ = 2.0%R2F INOUZ 450 J
X?ED2t = Xx2t/02¢% INDUZ2 460 .
X1ED2E = X1kE/D2¢ INITUP 470
PRIEZF = DIE/DPE INQU24HN0
B EFCINUPTONL L&) GO TO 62 INQU? 400 '
CreextxCALTULATION WITH DR WITHDUT AN AV TERBONY NF THE fXTERNAL-FLOW INOUZ2S00 ,
C CONSTANT PRt SSURE BOUNDARTES ONLY, INOUZ SN
C INIZ2H20
TEINCASE 41 Q)Y RETURN THIU2 530
DO 6O 1=1,NCASE THOUZ SO .
6 CALL ACPRS{NAMMAE G ERSIE (PRI VY GRIFZBETALS 4N 253U 1F, T4 NPT 4], N0 SED '
1 2yLIMIT ,BPT ,NSHAPE) INOIPSAD .
6o
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APPENDIX A TWl STREAM AXISYMMFTRIC BASH PRESSURE PROGRAM
SURRGUTINFE INOUT (TSARPP=-2)

NCASE=)D

RETURN

CxesxsRECOMPRESSION COFFFICIENT DETERMINATION,
62 I1E(RECOMP,GT.].0E=C3) 63 TO 66
TFINSHAPELNELO) GO TO 64
CeereeROR CYLINDRICAL AFTERBUODIFS,
RECUMP = ,4B3 + 1.08R%*RIF1 - D.RT4E=RIE1%%¥2 + 0.3032R[f1¢*3
50 10 66
{AxextiOR BOATTAILED AFTERBODIES,
64 RECOMP = 1.0
CeaxxaPUNCH OUTRPUT HEADINGS AND CASL DATA,.
66 IF(NPUNCH.EQ.D) GO TO 8O

WRITE (7.68) A
6B FORMAT L 20 AG)
c
WRITE (7+7)) LMNIT, HETDML, D11, GCl,y GAMMAIL,
1 EMNF, BETD1t, DI1E, GCks GAMMAE,
e X11D1t, RItl, RECOMP, TROF]
7)  FURMAT (9X,3HMLI ] 4 BX, 6HBFTALT »9%y3HD1T, 10X, 3HGLT 99Xy 6HGAMMAL, /,
1 F13.3,F13421F13.4,F13.2,F13e34//y
2 13Xy 2HME ¢ GX g GHBETALR 99X 9 3HD1F 4 10Xy 3HGCF ¢ IXy 6HGAMMAL , /o
3 F13.3y 13.2,F13.4,F13.2,F13.3,7/
“ TXy THXL1/DLE 46X THOLT/DE y TXy 6HRE COMP L, 6X o THTIE/TOLy /4
5 F13.29F13.4y1X92013054/7 )
C
IFINSHAPELEQLO) GO TOY 74
C
WRITE (7,72) NSHAPE, X2ED2t, BtiD/, X1ED2E, DR1E2Ey BETDIFE
72 FORMAY (5Xe17HRBOATTAIL =~ NSHAPL 24Xy THXLT/D2E 44X,
1 THTHE TAPE 15X, 6HXB/D2E o5X6HUR/D2E 45X,
2 THTHETALE 4/ 90197, 11 42X k113477
3 5X,6HPU]/PF'5X'6HPII/P5'6K,5HPH/PF,7X,1HCPH'HX.3NCDH'HX,
4 AHRME ¢ BX 4 2HCT)
GO TO 80
C

T4  WRITE (7,76)
6  FORMATH “X'7HVUl/PlEy“Xo7HPlIIPILvBX.hHPH/Pli'7X1WHCPﬂvHXq3HCDHy
1 BXy 3IHRMF 4y BX 4 HCY)
.
B0  NCASL = NCASY + 1
CertxsTRANSEER DR RFAD NEW CASE DATA,
GO TN (R2,H&4), INOPT
82 PRATIO=PRINCAST)
BLDRD=RROINCASY)
FNGRO=FRO{NCAS])
GO 7O B8R

A4 RIAD {5486} PRATIO, BLDRO, ENGEOD
6 FORMAT(3F1)46)
(
AR T (KPRESRGNELD)) GO TO 90
fessxit(0R PLIJPE (PRITE) INPUT,
PR11E=PRATID N
PROIE=PRITE/PRIO]
GOTO 97
(esomab IR POTI/PE (PROTEY (HPUT,.
Y PRUOLF=PRATIO
PRIIF = PRIOTEFPRINI
fests4CALCULATE VARTUIS PRESSURE RATIOS FROM NFW CASEF DATA.
92 PROEOI=PRIUI/Z{PREOE#PRITIE)
PULEOT=PROLDI2PROLIDOF
PRITLIE=PRIOGIZ(ROLIEOT=PRIDLE)
PRIFE=PRIOLIFHPROINOE/PREDE

67

PAGF A- 9

INDU25T0
INDUZ2 5SRO
INDUR2 590
INDU2600
INOLIZ6G)O
INOUP2 620
INOU2630
INOUZ 640
INOU2650
INOU2 660
INOUZ2&TO0
INDUZ2680
INOUZ2 690
1INOU2700
INOU2710
INOU2720
INOU2730
INOUZ2 740
INUU2750
INQU2 760
INQU2770
INDU2 780
INQU2 790
INOU2 ROO
INOUZRiO
INDU2B20
INOU2830
INOQU2 R&4O
INOUZ 850
IN(HIZ? B60
1NUUZ8T70
INOQU2 8BO
INOU2890
INQU290GY
INOU2910
INOY2920
INOU2930
INOUZ 940
INOU2950
INOU2960
INDU297T0
INDU2 9RO
INOU2990
INOU3O000
INDU30LO0
INOU3020
INOU3030
INOU3040
INOU30S0
INUU3060
INUU3070
INWW3 0RO
INOU3090
INOU3100
INOU3110
INOU3120
INOU31 30
INOU3L &0
INOU3L150
INOU31 A0
INOUSLT0
INOU31 80
ITN(I3YI00
INODU3 200
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AFPENDIX A
SUBRDUTINF

i Cre2wsPRINT CASH

TWU STREAM AXTSYMMEIRIC BASF PRESSURE PROIGRAM
INOUT ({TSARPH~2) PAGE A-10D
DATA. INOU3210
WRITH 16,94} (ALT) 1714200y NCAS) INDU3220
FORMAT(IHL R X3 20A4,20%, 15HPROALEM NUMBER 13,7/} INOU3230
iNDU3240
TFINSHAPELEQL)) GO YO 1RO INOU3Z250
GO TO (100,120,140 ,NSHAPE INOU3260
TNOI32T70

WRITEH
FORMAT

(65110}

(29X%, 21H

GO TO 16D

WRITEH
FORMAT
GO YO 1

WRITE (
FORMAY

WRITE o
FORMAT
1
2

WRITE(O,1971)

(64130)

(27X 25H
60

649150)
(2RX, 23H

6y 170)

(15X, 6H X2t=
FTasy/y15%,BH EMNE =

*ar(IGIVE ROATYAIL®:x / /)

RRAPARABOLIC BOATTAIL®%*x /)

*¥22CONTCAL BDATTAIL#®x /)

X7E,y R2Et, BEID2E, tMNE, CDAT, PRI1EE
WFE3+yTXybH R2E= k& 399Xy14H BETARLIDEGYT
pETeGy X HH COBT = yFhae3y

TXy9H PLE/PE = FT45,//)

NCASLyGAMMATL GCE W X1T,RITWBETOLT#MNITEMSTTPRIOT .

GAMMAE sGClr g X1F 4y RIEBETDIE EMNIE  EMSTEL PRIULE

INOU32RO
INOU3230
INOU3300
TND13310
INOU3320
INOU3330
1NOU3240
INOU33S0
INDU3360
INUI33TO
INOU3380
INOU3390
INOUA400
INGU3&410
TNOU3420
INDU3430
INOQUR&4
INOU3AL RO

1
FORMAT (10X, 01H *2exTWO-STREAM BASE PRESSURE PROGRAMS®R&y 5, INOU3RA60
1 10H PROB. NO, Tay//,27%,27H 2xrsex NPT DATAR#Y %%, //, INDU3GTD
2 PAX,22H eEI[NTERNAL STREAM&Sa, s/, INGIUALBO
3 18X, 9H GAMMATSs E5,3, 5X,16H GAY CONSTANT = FT7.2,114 LB~F1/LB=-R, TNOU3490
4/ 415X%pOH X1lx FOHe3,TX,6H K11= Fo,3,9%,14H BETAIVIDEGY= F7,3,7, INOU3ISOOD
5 195XgBH EMNIT sF744,4XBH EMSLT SET.4e6%X,10H PLI/POT FToh, INQU3H LA
6 /728Xy 27H wAEEXTERNAL STREAMAR2, [/, INDU3S 2L
T I19%,9H GAMMAL= B5,.3, S%,16H GAS CONSTANT = F7,2,11H LR-FT/LBR-R, INOU3%30
B/ 4 19%y0H X1E= FOa3 3 IX6H RIE= FOL3,9%X,14H BEYALEIDIGE= E743,/7y INOU3SHO0
G 19Xy BH EMNIE =E7,6,4%,8H EMS1E =k Ta6,6X, 110 PIE/PDLE =FT.5/77) INOU3S®S0
TNOU3RE0
WRITE {64222} PRITF,y TROEL, BLDRD,y ENGRO INCWIALTO
FORMATI D)Xy 36H *xaex2iASt FPRESSURE CASE DATAmtxkax, //, INDU3SRO
1 1SXgLlIH PLI/PE = k9.4, 17X, 11H TUE/TUT = FR.S,/, INDU3H90
7 15X, YH BLDRD F1P.%, 1A%, 9K ENGRO = 112.5,//) TN 600
INDU3 &L O
WRIYE (6,710) KECOMP 1NOL3620
FORMAT( 14Xs A2H  #uRECOMPRISSTON COPFFICIENT = kF&,4, M#se, /.,  INOU3SE3D
1 1‘5)('5]_}4 AR EELL oL MR T LTI S YR AR AN LRI N D RA TN TG RL Ll O YA INOUIERGHO
INUU3EH0
RETURN TNOU3 660
t NN INODU3ATO
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APPENDIX Al TWO STREAM AXISYMMETRIC BASE FRESSURE PROGRAM

SUBRDUTINF NUTIM (TSARPP-2) PAGE
SUBRUUTINE NUTIM(TyAFMNLT,PRIOT,PRAOT,PRBLTPROENT, TROTT, PRITE,  OTM]

1 EMNLE,PRIOLE ZPRBOLE,PRBIFyEMNE ,PREDE, PRIOE, PROTE,0TM]

? PRBEJNPRINT yBLDRO; ENGRD Gy NSHARE) NTM1

c NTMI
CHxRRxSHARMNUTINE WRITES OUT HUADINGS AND CURRENT DATA USt ) FOKR OTHE OTM]
C INVISCID FLOW FTELD CALCULATIONS. NnimMil
o aimM]
C e VARTABLE S#* % NTM1
C [ARELDY
C I = I-TH VALUEF UF THE INPUT DASE PRESSURE RATIO. (TM]
. A = MEADING CARD DATA, (1IM]
C 0TM1
C % FOR L ITHER STREAM AT (1), (1#)y OR {F-=t REFSTREAM), niml
C nimy
r FMN = MACH NUMEAER., NniMml
C PREO = PRESSURE RATIO, PE/PQ. NTM]
C PR10O - PRESSURE RAYID AT (1), Pl/sP0. [AREDY
C PRED = BASE PRESSURE RATIO, PBR/PU. 0TM1
I PRAT = BASE PRESSURE RATID, PB/PL. DTM1
C OTMl
C PRIJE = INPUT STATIC PRESSURE RATIO UF S$STREAMS, P11/PFa NIMl
C TROFT = STAGNATVION TEMPERATURE RATIO OF STREAMS,  TOE/T01. 0TM™1
C PROEODT= STAGNATION PRESSURE RATIO OF SIREAMS, POF/POT, 1M1
C NPRINT= SEE SUBROUTINE *INQUT=, OTM]
C RLDROZFNGRO = SPECTEFIEFD VALUES 0OF THE ALEED AND ENERGY RATIOS, 01M]
C NSHAPLE= 0, NN BOATTAIL,. N1M1
c = 142 OR 2==~0(:1VEy PARABIOM IC, OR CON[LAL BOATTAILS. Nn1Mi
( (BRSS!
DIMENSION A{20) N1 M1
TEINPRINT) 1074107,99 NnimM]

C OTM]
99  WRITE (6,4 100) (ACI )N d=14205 9 PRITEZTROFTZPROFOT yPROTE 01 M1

1 BLORN,, ENGROy [ (1T M)

100 FORMAT{IHL, 5Xy 2074y //, NTM1
1 15Xy5]1H taxdsxnxdTWO-STREAM BASL PRESSURE PROGRAMIt H2t%ed, //, 1M1

2 2TX ¢ ?25H »adtaxCURRENT DATAXR®kued, //, NTM]

4 149X, 11H PLI/PE = FYL 0 [ TXy11H TOF/TOD = FHOS, /7, 01 M1

4 15Xy 11H POE/POL = 19,591 7TX,11H POL1/PL = FRaAy//y NTM]

5 15Xy YH BLDRO = F12.55 16X, 9H ENGRO = FI124%07/ N1 M1

6 22X¢31H TRTAL BASE PRESSURE RATIO N, 4144/, 1M1

7 22X ¢31H HTHHAh KANK BULORNRRET Adsdf FrEx /) {TM]

C (1T M]
WRITEY (Ay1D1) EMNLT 3 PRINDTZFRBOT ¢PRBLT, N1 M

1 EMNIE PRIOLIE s PRBOTE y PRUTE 1Ml

171 FORMAT(?8BX,22H »ex [NT{RNAL SIREFAMExw, //, N1 My
1 15X, 8H EMNYL = FT.4,25%X,10H P11/PUT = FBaOy//, 0DT1M]

2 15%,9H PB/PUL = FB.6,23%Xp9H PR/PLIL = FR 6,/ /7, TM1

J 2HX ¢ P2H xxAEXTERNAL STREAM=%e, //, (3TM1

4 19X, BH EMNIE = F1,.64,25%Xy 110 PLE/PUTE = bR/ /7, OTML
hoOIHXy9H PR/PULES FHB.OHe23Xy9H PR/PIL = FR_6,4//) 071 M1

C ' 07T MY
WRITE (6,102) fMNE ,PREOE,PRBUE , PRI [ORELSY

137 FORMAT (40X, 1TH +3#FRLEISTRLAMT*s 7/, 01M]
1 15X 7H FMNE = FT44y 23X, 9H PE/PUL = HBR.Ay /7, U1 M1

2 19X, 9H PB/PNE = FB.6y 20X, 9H PR/PE = FB.O,//}) 1M

C ORI
THINSHAPE) 103,103,105 NnyM}1

( nyml
103 WRITE (he14) fiyM]
1N FORMAT(21X,321 2% NO BOATYATL BEFURE BASE =&¢ /) 11 My
RETURN 0Ny M1

C nim]
Pih WHITE (6,106) NSHAPF OFM]
Pvh FOKMAT 25X, 2TH %% HOATTATL - NLHAPE - 11, 4K 2t v /) niM]

. [RRN
17 RETHRN 0niMi

t ND [BRELYY

HY

A-11

10
20
30
&@0)
sQ
60
0
80
90
loo
110
120
130
140
150
1640
170
180
160
200
210
220
220
240
280
260
2170
2RO
290
300
310
320
330
340
350
160
A70
380
390
400
410
470
430
4H40)
450
461)
410
480
49{)
$00
10
520
530
“40
HhH0
H60
HT0
H80
ny0
6Hon
6H10
620
630
6H4G0
ehe
6]
(2]




APPENDIX A. TWN STRFAM AXISYMMFTRIC BASE PRESSURE PROGRAM
SUBROUTINE ACPRS (TSA3PP-2) PAGE A-12

SURBROUTINE ACPAS{GAMMA,EMSY,PRATIO, XCOLRCN,BETADLRLMT  NCALCoNPTSy ACPB 10

1 NPRINT yNFLOWZNBPTS,BPTSNSHAPF) ACPB 20
C ACPB 30
CHxx2ax AXTSYMMETRIC CONSTANT PRESSURE BOUNDARY SUBPROGRAM (ACPRS), ACPB 40
- ACPE %0
C INTERNAL FLOW (NFLOW=)} ——= UNIFORM (IR CONICAL SUPFRSONIC FLOW. ACPB 60
C CALCULATIONS ARE FNR THE *LOWER-HALF* ACPB 70
c OF THE FLOW FI1ELD, ACPB 80
c ACPB 90
C FXTEFRNAL FLOW {NFLOW=2) —---= INITJALLY UNIFORM SUPFRSONIC FLOW. ACPB 100
C CALCULATIGNS ARE FNR THE *UPPER-HALF* ACPB 110
C OF THE FLOW FIELD, ATPB 120
C ACPH 130
C NOTE -=-- INPUT AND QUTPUT DATA ARE FOR THE ®UPPER-HALF* 0OF FLOW ACPB 140
C FIELNG THE ADJUSTMENT (IF THESeY OATA FOR THE CALCULATIONS ACPB 150
C 1S MADE INTERNALLY, ACPRB 160
C ACPB 170
C SUBPROGRAM REQUIRES=—-—-CQUTPUTPMSBRWWFLOC yCNFLOC.FPS,APS,CPBS, ACP8 180
C MCDATAL,OUTBOY,TEST. ' ACPB 190
C ACPB 200
C «xuVARTARBLES®%x ACPR 210
C ACPB 220
C GAMI'A = RATIO OF THE SPECIFIC HEATS. ACPB 230
[ FMS1 = INITIAL MACH STAR AT POINY 1. ACPR 240
C PRATIO= FSPANSION PRESSURE RATID {(R/PD). AZPR 280
L XC¢n = LONGTIYUDINAL COORDINATE WHERT EXPANSION IS CENTERED. ACPB .60
C RCO = RANTAL CODRDINATE WHERE EXPANSION 1S CENTFRED, PNSTIVE, ACPR 27D
C BFTAQ = FLOW ANGLE, RADIANS, AT (XCO,RCO1 FOR INTFRNAL FLOW, POS,. ACPB 7RO
C REMT = LIMITING VALUE OF THE RADIUS FOR TERMINATING CALCULATIONS,ACPR 290
C (MaX, R FOR INTERNAL FLOW AND MIN, R FOR EXTERNAL FLOW) ACPR 300
¢ NCALC = CURRENT CALCULATION n.IMBER ACPR 310
C = 1, THF INITIAL CHARACTEFRISTIC DATA 1. CALCULATED. ACPB 3?20
C «GT.1y INITIAL CHER,., DATA TAKEN FROM ONE NF THE STORED ARRAYS,ACPB 330
C NPTS = NO. OF POINTS OF INCREMENTS ON INTY. ( 11~CHARACTERISTIC. aACPB 340
[o NPRINT= -1 DR 0, C.P.B., DATA NOT PRINTFND. ACPB 350
C +1y O DRe DATA PRINTED. ACPB 360
o SECOe = 1y 19 “RNAL FLOW. ACPB 370
C zy LATERNAL FLOW, ACPB 380
C HRPTS = NUMBER OF ROUNDARY FOINTS CALCULATED. ACPBR 1390
C wlf = BOUNDARY +OINT DeTA ARRAY, Nz],LIMIT. ACPBR 400
C Aty CHART, CMARE = ARRAYS FOR METHOND OF CHARACTERISTICS. ACPR 410
C ACPB 420
C 40Ty DAYA (TN ORDER ) %% ACFB 430
C ACPB 440
C INFL DATA TD AGPRS ACPB 450
¢ PRAT (1= EXFAN' [CN PRESSURFE RATIQ (P/PO}. ACPB 460
( FMN? = MACH NUMBER ALIING BNUNNARY AFTER FXPANSINON, ACPB ¢T0
( EMS? . = @ALH STAR ALONG BOUNDARY AFTER EXPANSION, ACPB 480
< X = LONGITUDINAL CONRDINATE (OF BOUNDARY POINT, ACPB 490
C R = RADTAL CUNORDINATE OF BOUNDARY POINT, ACPB 50D
C THETA = LOCAL TLOW ANGLE AT BOUNDARY POINT ([N DEGREES). ACPB 510
& ALPR 520
ACPH 530
CiMenG, DN PMBUI00, 5,21, CHAPTI5,30]1, CHARE(5,30), P1{5,;, P2{(5), ACPBR 540
' PA{5), RPT&S{5,30), SIGN - ALPR B&H0O
CIMM{IN PMA, CHAR1, CHAKRE, . Zy P3 ACPR 560
CrvernaltPil DATA, SOME QUIPUT DATA, AND COLUMN HEADINGS ARE PRINTFRQ. ACPB 570
CALL NUYPHTIGAMMALEMS © ST 04 FTAU - WPRINT SNFLOW) ACPH wRO
C:2#3%SFT INPIT OATA FOR (86w i FIELD CA CULATIONS, AC PR HOQ
GO IO (7y6), NF. S ACPR 600
2 R{=-u(nN ACPR 610
ARV ¢ acee 620
a1 LRI TAL - ACPR 630

)
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APPENDTX A TWO STREAM AXTISYMMETRIC BASE PRESSURFE PROGRAM
SURRNDUTINE ACPRS (TSABPP--2)

GO TN 6
& R{=RCO
XC=XCn
BETA=RETAN
6 CONTINUR
CxeexeS5FT SIGNS FOR CONVERTING QUTPUT DATA T THE =UPPEFR-HALF=:
C UF THE FLOW FIELN.
C
no 30 M=1,5
GD TO (104+°0), NFLOW
10 SIGN({M)=(~1.0)%=(M+1)
GO TO 30
20 SIGN{M)=1,)
30 CONTINUF
C#xxxxTHE MAXIMUM NUMRER OF FAMILY 1 CHARACTFRISTICS FNR WHICH

o CALCULATIONS AKF MADF IS SPECIFTED HERE {MAX. LIMIT IS 301).
C

LIMIT=30
Ce#xxusTHF INJITIAL 11-CHAR. IS NOW SUBDIVINEND 2NN THFE INITIAL CHAR.
C DATA CALCULATED (MAX. NU, OF INCREMENTS = 29).
c

IFINCALL~-1) 50,50,110
50 GO TO (604921, NFLOW
CrAx2xF(R INTFRNAL FLOW FIELD,
60 IF(ABS (BETA)-1.0F-4) T0,70.80
C¥=x&FOR UN]JFORM FLOW,
70 CAlLLL UFLOC{GAMMA,EMS] 4XCyRCyNFTSyCHART yNFLOW)
GO 70 119
Cxxxa%FOR CONICAL F'OW.
80 CALL CNFLOC(H>AMMAZEMST . TAZXCyRUINPTS)
GO TO 110
(axtxkFOR FXTFANAL FLOW FIELD,
90 IF(NSHAPF) 96,96,100
[2x&sF0R UNTFORM EXTYRNAL FLUW WITHOUT A BOATTAIL.
96 CALL UFLOC{CAMMA,FMS) yXCyRCyLIMIT-1,CHARF yNFLOW)
NPTS=LIMIT
GO 1O 110
CatxaxFOR UNIFORM EXTERNAL FLOW WITH A BUATTALL.
100 LIMIT=NPTS
CerxxsxTHE PRANDTL-MEYFR EXPANSTON AT {(XC4RCI IS NOW SUBCIVIDED.
110 CALL PMSBR{GAMMA, FMS] ,PRATTIOAETA, XC4RC 4K}
(#x2%2K] 1S NUMAFR DF FAMILY [i CHAR., FOR SUBDIVINDED EXPANSION.
Kl = K + 1
(x2=xxSTORAGE OF INTTTAL BOUNDARY POINT DATA.
NBPT1S=]
N0 120 M=1,4
1270 APTSIM, 1 )=SIGN{M)%PMR{K1My])
Cr22 42 THE INITIAL BOUNDARY POINT NATA IS PRINTED,
CaLL NUTARDY(1yNPRINT,BPTS)
Cre&vsxTHE FLUW FIFLD CALGULATIONS ARE NUW ManE ALURNG Famibty T (HARS.
STARTING FROM THE INPUT POINTS ON THE SUBDIVIDED INITIAL
4 FAMILY T1 CHARACTFRISYICS TN THE BUUNDARY, THIS SFOUENCF 1S
‘ NOT APPLICABLF FOR THE FIRS1T AND SUBSFOUINT AXTIS POIMTS,
PO 182 N=?¢NPTS
froaee i 0aD THNITIAL FAMILY 11 CHARACTLRISTIC DATA.
DO 19) M=,
G700 113),162%, NFLOW
120 PMR[]4My2)=CHART (MyN)
GO T 1%)
) PMP ), M, )= CHAPE (M, N)
YOoOOT TaNuF
' TECATCULATINNS ARF FOR ToiE CURRENT N=TH PDINT UM THIE INITIAL
PAMILY 11 CHARACTERISTIC.

71
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APPENDIX A TW(G STREAM AXTSYMMETRIC BASE PRUSSURE PROGRAM
SURRUUT I NE ACFPRS {TSARPP-2)
o

DO 16D L=1.K
(et %CALCULATINNS ARE FOR THE CURRENT L-TH FXPANSINN INCREMENT.
Crexx& OAD DATA/ FIELD POINT CALCU ATIDN/ STORF DATA,
CALL MCNATALL, L L+1yL34KPTS)
CALL FPS{GAMMA, F1, P2, P3, NERROR)
TFINERROR) 270,154,154
154 CALL MCDATA(Z2,.L14L2yL+1,4KPTS)
160 CUNT INUF
Ce=wxxpAll FIELD POINTS ON M-=TH FAMILY [ CHAR. HAVE RFEN CALCULATED,
CxexxxL0AD DATA/ BOUNDARY POINT CALCULATION/ STORE DATA.
CALL MCDATA(L K4+ 14K+1,4L3,KPTS)
CALL CPRS{GAMMA, P1, P2, P3; NERRUOR)
TF{(NERRNR) 270,164,164
164 CALL MCDATA(Z2,L1,41.2,K+24KPTS)
NBPTS=NRPTS+1
DO 170 M=l,4
170 BPTSIMyNI=SIGN(M)%P3 (M)
Cr¥xxx=CHARACTFRISTICS DATA SHIFT,
CALL MCDATAI34+L1,L2,L3,4K+2)
Crexid%THE CURRENT BOUNDARY POINT DATA IS NOw PRINTED.
CALL OUTBDY(NyNPRINTy3PTS)
CALL TEST{RLMT sNSTMT ,NFLOW,N,BPTS)
GO TO (181,263), NSTMT
CHaddx ADVANCE TNDEX FOR NEXT INPUT POINT ON INITIAL CHARACTYLRISTIC.
180 K=K+1
GD TD (19042673, NFLOW
Crx®%xuYHIS SEOQUENCE APPLIFES ONLY YO THE INTERNAL FLOW WHERE THE AXI1S
C POINTS ARE CONSTUERED.
Cexxx4THE NUMBER OF POINYS T0O BE CALCULATED ALONG EACH FAMILY 1 CHAR,

C IS NOW CINSTANT AND GIVEN BY Kl.
C
190 K1=K+1
KPTS=K1+1
N=NPTS
C*x$*%THE ELEMENTS IN THF N~TH COLUMN OF THE PMB ARRAY ARE SHIFIFD
C DOWN ONF ROW 10 SET-UP THF CALCULATION SFOULNCF.
C

no 210 L=1,k1
Ll = Kl~-L+1
0n 203 M=1,4
20U PMB. ' (+14My1)=PMB(LI, M, 1)
210 CONTINUF
CxxxxuxTHE CALCULATIONS ARE NOW MADE ALONG THE (N+)1)-~TH FAMILY 1 CHAPR,
220 N=N+1
Cezaxa LO0AD NDATA/ AXIS POINT CALCULATION/ SYORF DATA.
CALL MCDATA(Y,142,L3,KPTS)
CALL APS (GAMMA, P2, P3, NERROR)
TF(NERROR) 270 ,2244224%
226 CALL MCDATAL?,L190L2+14KPTS)

(=eexxCALZULATION OF REMAINDER OF FIELD POINTS (N N-TH F&MILY 1 CHAR,

DO 230 L=0,K1
Cxex#=DAD DATA/ FIFLD POINT CALCULATION/ STURE DATA.
CALL MCPATA{)+L~1,L+1,L3,KPTS)
CALL FPSIGAMMA, P1, P2, P3, NLRROR)
TF(NFRROR) 271,228,224
278 CALL MCDATA(Z,L1+L2,L.KPTS)
230 CONTINU
Crrexal (AN DATA/ BIWINDAKRY PUINT CALZULATIIN/ STORE DATA,
CALL MCNATA{1,K1,K1+14L3,KPY5)
CalL CVRTSUGAMMA, Pl, P2, B3, NERRUR)
- THINERRNR) 273204, 34
736 CALL MCDATA{?,L)4L?¢K1+1,KPT3)
NBPTS=NBPTS+1

e
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APPENDIA A, TWO STRFAM . XISYMMETRIC BASE PRESSURE PROGRAM .
le SUBROUTINE ACPBS {TSARPP=2) PAGE 4-15
i L0 DO 240 M=1,4 ACPB192D
' n() 240 BPYS{MyN)=SIGN{M)*¥P3(M) ACPB1930
o 0 Ce#*sxCHARACTFRISTICS DATA SHIFT. ACPB194D
N 10 CALL MCDATA(34L14L2yL3,KPTS) ACPB1950
i ‘o CreexeTHE CURRENT BDUNDARY POINT DATA IS PRINTED. ACPBLY6D
- 0 CALL OUTHDYIN,NPRINT,BPTS) ACPB1970
i .0 CALL TESTIRLMT NSTMI ¢NFLOW,Ny3PTS) ACPB198O :
v 3 GO TO {250,260}, NSTMT ACPR1990 :
N 0 CextexCOMPARTSON WITH LIMITING NUMBER OF FLOW FIELD CALCULATIONS, ACPBZ 00D
' 9 250 IF(N-LIMIT) 220,260,260 ACFB2010
f C¥=sex[F NFGATIVE, CONTINUE CALCULATIDNS, ACPB2020

! 9 crexex]F ZERO OR POSTIVE, RETURN TO MASTER, ACPB2030
i 3 260 CONYINUE ACPB2040
! 5 270 RETURN : ACPBZOSD
: 3 END ACPB2060O
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APPENDIX A, TWO STREAM AXISYMMETRIC BASE PRESSURE PROGRAM
SUBROUTINE (CROSS {TSARPP-2)

SUBRUOUTINE CPOSSIGAMMAT ,BPTT,LIMIT] ,GAMMAE,,BPTE, LIMITE,NIC, NEC,
1 NSTOP TUMLT o VIMLE s PRSHNK,NPRINT)

C
CreanxTH]S SURROUTINE CALCULATES THE TMPINGEMENY POINT OF THE

SUPFRSO-(IC INMTERNAL (1} AND EXTERNAL (€} STREAMS,
SUBRDUTINE REQUIRES---PRSHK,SL1P.

*usVA"TARLES%&*%

GAMMAT = RATIO (OF THF SPECIFIC HEATS FOR THE INTERNAL STREAM.
RPY ! = INTERNAL STREAM BOUNDARY DATA,
LIMITI = NUMBER OF INTERNAL STREAM BOUNDARY POINTS.
GAMMAE = RATIO OF THE SPECIFIC HEATS FOR TRE EXTERNAL STREAM,
APTE = EXTERNAL STREAM BOUNDARY DATA,
LIMITE = NUMBER OF EXTERNAL STREAM BDUNDARY POINTS.
NIC = LOCATION NO. DF INTERNAL STREAM IMPINGEMENT POINT.
NEC = LUOCATION NO. GF EXTERNAL STREAM [MPINGEMENT POINT.
NSTOP = 1, SOLUTION FOUND,

= 1y NO IMPINGEMENT.

= 2y NO SHOCK SOLUTION,.

= 3, IMPINGEMENY BLFORE SEPARATION.
TJIMLT = INTERNAL TURBULENT JET MIXING LENGTH,.
TIJMLE = EXTFRNAL TURBULENT JET MIXING LENGTH.
PRSHOK = STATIC PRESS. RATIN (RISE) ACROSS OBLIQUE SHOCK SYSTEM,.
NPRINT = SEE SUBROUTINE *IMOUTx%,

BPTT{(MyN} AN BRTE(MyN} ARF BOUNDARY POINT DATA ARRAYS WHERE
M=144 AND INDICATES VARTABLE AS IN PMB ARRAY.
N=1,LIMITI OR LIMITEF INUDICATES THE BOUNDARY POINT,.

lakxFekaisiaiaiainiaiskaisininisksXfsizisinlnitNa e e R

EMNMSF (FMS, GAMMA ) =SQRT(( (2 0% {EMS¥%2) )/ [ GAMMA+1.0) )/
1 {1«0-{ {GAMMA~] , O} /S {GAMMA+].0) )R (EMS®nZ)) )
DIMENSION XT(3034RI{30),XE(301+RE(301,BPTI(5430),8PTE(5,30)
CHxxxeLOADING OF CONSTANT-PRESSURE BOUNDARY POINT DATA,
00 10 N=1,LIMITI]
XT{N) = BPTI(1,N)
10 R1IN} = BPTLI{2,N)
DO 20 N=1,LIMITE
XE(NY = BPTE(L,N)
20 REIN) = BPTE(2,N)
CrenkxSET INITIAL VALUES.
NSTOP=1}
PRSKHOK=0,3
NIMAX=LIMITI-1
NEMAX=LIMITE-1
ChxxxaCHECK FOR IMPINGEMENT URFSTREAM OF THE SEPARATION FOINTS,
CReresFOR THE INTERNAL STREAM,
SE=C .0
NE=1
DO 30 NI=1.NIMAX
ST = {RIINI+1) = RI(NI)I/Z{XT(NT+}) -~ XIUNT))
IF(ABS(SE-51) «LTe 1s0E-05) GO TO 30

XIMP = (RTIINT) ~ RE(NF) + SFeXEINE) - SI#«XK(NI})/(SE - S1)
TROUXTMP G GELXTINT I} 2 AND G (X ITMPLELXTINT+1) 0. AND,
1 (XIMP,LEXF(NEYIT GO TO 50

30 CUNT IRNUE
Cerxxnb(IR THE EXTERNAL STREAM,

$1=2.0

NI=1

DE 40 Nf=s1yNEHAX

Sto= (REAINE 41 - HEINEID)/Z(XVINE4L) - xE{NED))

Tu
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APPENDIX A, TWO STREAM AXISYMMETRIC BASE PRESSURE PROGRAM

SUBRUUTINF CROSS (TSARPP-2) PAGH A-17
1F(ABS(SE=SI) LLT., 1.0F-N5) GO TO 40 CROS 640
XIMP = (RTI(NI) = RFINE) « SFEXE(NE) - S1®X1(N]DV)/{SE — S1) CROS &40
TFUIXIMPLGELXEINE) I LAND G {XIMPJLEo XF{NE+1) ), ANDS CROS 660
1 (XIMPLLELXTINIYYY GO TO 70 CROS &0
[ CONT INUF CROS &R0
GO 7O 100 CROS 690
Co=2ex]F [MPINGEMENT OCCURS. CROS 700
50 RIMP = (SEX*SI*{XE(NE)-XI(NI)1 + SE#RII(NI) ~ ST*RE(NE)}/{SE-SI) CROS 710
o CREOS 720
WRITE (646)) XIMP,RIMP CROS 730
&0 FORMATY{ 15X, &BH »2xxxx]MPINGEMENT UF THE INTFRNAL STREAM (CCURS /CROS 740
1 21Xy 47H BEFORE SEPARATYION OF THE EXTERNAL S3YREAM2=®wxa  /, CROS 750
2 16Xy 27H IMPINGEMENT OCCURS AT X = Fl0.6, 5Xy, 9H AND R = F10.6 /)CROS 740
GO 10O 90 CROS 770
C CROIS 780
70 RIMP = (SExSI%{XE(NE=-XI(NI}) + SE#RIINI) - ST*RE(NE)) /{SE-ST) CRNOS 790
C CROS RoN
WRITE (6+80) XIMP4RIMP CROS &0
80 FORMAY( 15X, 4BH *3xxxx[MPINGEMENT 0OF THF EXTERNAL STRLAM QOCCURS /CRQOS KD
1 21Xy 47H BEFORF SEPARATION DF THE IMTERNAL STREAMsxkx&s , /, CROS ®30
2 16Xy 274 IMPINGEMENT QOCCURS AT X = F1l046y SXy 9H AND R = F10.6 /1CROS R&O
C CRDS 850
90 NSTOP=3 CROS 860
GO TO 230 CROS &70
CH»2exCALCULATION (OF COUNSTANT-PRESSURE BUUNDARIES IMPINGEMENY PGINT, CROS 88O
100 DD 120 NI=1,NIMAX CROS B°O
SI = (RI(NI41) — RI(NIM)ZUXTINTI+1) - XTINT}) CROS 900
DN 110 NE=1,.NEMAX CROS 9110
SF = {(RFEINE+1) -~ RE(NE))I/IXFINE+]1) - XE(NE))} CROS s20
IF{aBSISF~-ST) «LT. 1.0E-0%) GO YO llO CROS 930
XIMP = (RI(N[) - RE(NE} + SE&*XE(NE) - SI®XI(NI)I/ZISE - ST} CROS 940
TF{{XIMP,GELXT{(NTI}} +ANDe (XIMPLELXTINI+1)}) o+2&NO. CRUS 9%0
1 (XIMP GEs XE{NE)) <AND. (XIMPJLELXE{NE+1)1) GO 7O 140 CROS 960
110 CONTINUE CROS 97
120 CONTINUF CROS 98t
CoxxxxPFQR NU IMPINGEMENT OF THE STREAMS, CR{OS weo
WRITE (6,130 CRNS1000
130 FOPMAT{16X, &1H *=22]MPINGFMENT DOES NOT OCCUR WITHIN THF Y CROSINLO
1 19Xy 44H RANGE OF CONSTANT-PRESSURF SBOUNDARY DATA% % /) CRDS1020
NSTOK=2 CRNDS1030
GO TOD 230 CRUS1 040
C2=aexfFIR TMPINGEMENT OF THE STREAMS. CR(S1050
147 RIMP = (SE#ST*{xt(NF)~XI(NI}} + St*RI(NI) = SI*RE(NF))/iSE-ST} CROS1060
NIC=NT+1 CROS1070
NEC=NE+] CROS10AD
Cxtama INTERPOLATION f0OR THE FLOW VARTABLES AT THE IMPINGEMENT POINT. CROS1090
DU 150 M=3,4 CROS1100
BEYI(M,NIC) = BPTTIM NIC-1) + ((XIMP — XTI(NIC-1)1)/ CROS1110
1 : (XT{(NIC) — XT{NIC=1)))%(BPTYIIM,NIC) - BPTI{(M,NIC~1})CROSLLZD
150 HPTE(MyNEC) = BPTE(M,NEC~-1)} + ((XIMP ~ XE(NEC-11)/ CROS1130
i (REANCDY - SU{NEC—-1)13)1&(RPTE (M NFCY — RPTEIM,NtC-11) CROS1140
(tente STORE COORDINATES OB THE IMPINGUMEMT POINT. CROS1150
BPTT{L1.NIC} = XIMP CROS1160
BPTI{24NIC) = RIMP CROS1170
BPTELLI NEC )= XIMP cCROS11&D
CPTELZ2yNEC) = RIMP CROS1IYO
(et enCALCULATION DF THE MIXING LFENGTHS, CROS120m
TJMLI 0 ) CROS1I2LO
D0 162 N=2,NIC CROS1 /20
169 TJMLI=T MU +50RT CIBPTIOYI W NY-B0T T (1, N-F ) ewe CROS™ . wo

1 4{BPTI( "y NI-RPTI(2,N-1))%%p) CROS -
TIMLE =) D CROS o0
DO L0 N2 W NEC oune, o)
L7 tOMUE =T ML 45 0RTCERPTE (LN - BPTE(] gN=-1 bV ex) CrOSy D

7
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APPENDIX A,

SURROUTINE (ROSS (1SARPP-2]

1 (BPTEL2 ¢ NY-BPTEI2,N=1))%%2})
Crexx2OYTPUT TMRINGEMENT POINT DATA,
tMNT = EMNMSF{BPTI(3,NIC)GAMMAT)
THETOT = 574295T7T95%RPTI{44NTIC)
EMNE = FMNMSFUIBPTE(3,NEC) GAMMAE}
THEYDE = S57.,29%7795%BPTE(4,NEC)
[FINPRINY,LT,.0) GO TO 200

WRITE (64180)
160 FORMAT( IHY1 )

WRITE (64190) XIMPyRIMP,EMNI,THETDI » TUMLT
1 XITMPRIMP, EMNE, THETDE » TUMLE

199 FORMAT(//, 18X, 42H%%%AT INTERNAL STREAM IMPINGEMENT POINT**2
5Xy SH X = F1046y 5Xy, 5H B = Fl0,6y 5Xy 12H MACH NO. 5 F10.64//,
5Xy 15H THETA(DEG.) = F1046¢ 55Xy, 17TH MIXING LENGTH = F10.64//7y
18X,y 43H «XsAT EXTERNAL STREAM IMPINGEMENT PNINTH%% ,//,

5¥y 5H X = Fl0.6y 5%y SH R = Fi0.6) 95Xy 12H MACH NDO, = Fi0.04//7y
49Xy 15H THETA(DEG.) = Fl0e6y 59X, 17H MIXING LFNGTH

B N e

4

C
CreaneCALCULATION OF THE RECOMPRESSION SHOCK SYSTEM.
Cx3xxxCALCULAYION UF THE 5SLIPLINE ANGLE.
200 CALL SLIPIBPTI(3,NIC) BPTTI{4,NIC),GAMMAL,
1 BRPTE(3,NFC)sBPTE{G,NEC) y GAMMAE,
2 THETAS,NSTOPR)
Cxxx%D0ES THE SOLUTION FDOR THE SLIPLYNE ANGLE EXI1ST.
GO YO (2104230.2301, NSTQOP
CAxxxCALCULATION OF THE STATIC PRESSURE RATIO ACRUSS THE
C (NUTE  PRSHOKT=PRSHOKF =PRSHOK )
C
210 DELTAI (BPTT(4yNIC) ~ THETAS)
PRSHUK PRSHKABPTTI(3.NIC),NILTALGAMMAY)
THETAS = 57.29577952THETAS
THINPRINT.LTL)) GO T 2130
Cxa22200TRPUT OF SHOCK SYSTEY DATA,
C

no

WRITE {64220) THETAS s PRSHUXK

220 FORMATIIS5X, 48H *%4«0ORLIOUE SHOCK SYSTEM AT IMPINGFMENT

1 5Xy 234 SLIPLING ANGLE(DEGL) = F1l0.6,
? hXy 26M STATIC PRESSURE RATIO = F10.6477)
¢
239 RETURMN
£ ND

A

Twh STREAM AXTSYMMLCTRIC BASE PRESSURE PROGRAM

= FlUeby/7/1}

SHOCK SYSTEM,

v/l

PAGE A-18

CROS1?R0O
CRDS1290
CROS1300
CROS1310
cROS1320
CROS1330
CRNS512340
CROS1350
CROS1360
CROS1370
CROS13R0
CRDS1390
CROS1400
CROS1410
CROS1420
CROS1430
CROS1440
CROS1450
CROS1460
CROS1470
CRDS1480
CROS1490
CROS1500
CRUS1510
CROS1520
CROS1530
CROS1540
CROS1550
CROS1560
CROS1S70
CROS15RO
CROS15%0
CROSI600
CROS16LD
CROS1620
CROS1 630
CROS1640

POINT=e%//, LRDS]1650

CRUOS1660
CROS1670
CROS16K0
CRUS1630
CROSTON

T e o et et




APPENDTX A
SURRUUTINE T MIx

SUBROUT I Nt
1
?
3

C
CxatxuTH]S SURROU

C ENFRGY RATINGS FOR THE TWO-1REAM INIERACTTIUN PROPLE M,
C
C SURROUTINE REQUIRES---1F GRAL,
C
C FEEVARTABLE S¥%%
C
C FOR fJTHER STREAM )} OR 2
C
C GAMMA = RATIO DR SEICTE YO HEATS.
C GC = GAS CONSTANI--- (LBF-FT/LBM-R),
C EMS = MACH STAR AY IMPINGEMENT POINT,
¢ THETA = FLOW ANGLE AT IMPINGEMET POINT (IN RADIANS).
C TRBND = BASE 10O FREF=STREAM S5TA - ATIOM TEMPERATURE RATID.
o T ML - TURRULENT JBET MIXING LENGTH.
c
' C RN1 = NGZZLE EXIYT RADIUS OF STREAM 7 (INTLRNAL)Y .
X C FMSNL = NOZZLE EX1T MACH STAR OF STREAM 1.
r BETANT = NUZ/JLE EXIT FLOW AMGLE AT KRNI (IN RADTANS).,
C RIMP = RADTAL COURDINATE NF IMPINGEMENMT POINT.
. o PRSHIK = STATIC PRESSURL RATID (RISEY OF BALIONE SHOGK SYSTIM,
’ (
C PROZ1 = STAGNATION PRESSURL RATIU, HNg/zp0L,
[ TRUZ21 = RATIN OF STAGNATION TEMPHFRATURES OF FHE TwO STREAMS.
N ; C RECOMP = RICIMPREFSSIGN COREEF ICTENT,
C
' : C BLUR = MASS BLEED RATIH REFERENCED 100 FLOW UF STREAM 1,
! C (G BRLEEDY /(G NOZZLLELY,
. [ ENGR = ENERGY BLEED RATIU, (IMEGABY/Z((G NIYZZLE1YECPIAY0 ),
; C WHERE OMEGABR 185 REFFRENCED TO Y=0,
f c
i ¢
! CR2ZMSEIFMSyGAMMA) = ((GAMMA-1.01/ GAMMA+1,0) 1% (FEMS22D)
! FMNMGECEMS y GAMMAY =SQR T (( (2 0% (EMSZ2)) /(GANMAST L 0) )}/
! 1 (1 O-((GAMMA=] O}/ {GAMMA+] O )X (EMLEx)) ) }
: EMSPRE (PR ¢ GAMMA) = GQRT ({{GAMMA+]1.0) /(GAMMA=-]1 .0 })*
1 (1aO-PR®F {{ GAMMA-1.0) /GAMMA) M
' WIFLMS [VMSyGAMMA) -SQRT (2. 0%GAMMA/ G AMMA4] ,0) )%
1 (EMSZ7 LT 0=~ {GAMMA=] L0}/ TGAMMAST O} b2 (EMS*¥2 1))
' PRMYE (EMS yGAMMAY = (140~ ( {GAMMA- 1,0) /(GAMMAS L 0V eEMGRED 22
1 (LAMMA / (GAMMA-]1,0))
, . STCMARLEMN) = {12.0 & 7, 7/9%HILMN]
PHIDE (OCNR,TRBUY) = CNR¥*{Q.%2(NR®{1.0~1RBI}) +
l 1 SURT  CICHR¥I 22 {0,581, 0-TRIDII* ) 4 IRBIY )
7 Lo SCALCHLATION 1F DICCRIMINATING STREAMLINE VELOCTTY RAT10S
| ¢ BAGED LN THE REGOMPRESCSION COREFRTITIENT.  SINCE THE PHESSING RATTO
r ACROSS THE ORLTOUE SHOCK SYSTEM TS TOUAL FOR STEEAMYG 1 AR 7y
( THE DISCRIMINATIMNG STREAML TNE STAGNATTON PRESSURE RATID, P/PON,
.. IS ALLO THE SAMp,
(

PRD= (1,071

(X Fwfdf (IR STRUEAM
1) €001 - oRr
Conl = (HP

1 SQRY {C

! { NK ) nORT
PNl - PHL
At T AL

TWOLSTREAM AXTHYMMETRIC RASE PRESSURE HROGRAM
{(1Sanpih-py

TUMIXCGAMMAT  COT y I MSE L TRADL, TUMLL,
GAMMAZ yGC2  EMSD G TREBNO2 . TUML2,
RNTEMSNY BT TANL  RIME y PRGHOK ,
PROZY1 P TRO2)L 4RICOMP LRI DRy FNGR)

TINE CALCULATES THE DIMINSTONLESS BLEFD AND

RECOMPLPRSHIK ) )
1.
PMGECEMSPRE (PRONDGGAMMAL Y, GAMMA] )
MSELEMST, CAMMAYLY
SQD1Y
(CLanin/esnnt)
DELCNRT, TREOT)
ORI G0N )y TRBCYT oL 313, E 10T T30, T3DY)

PAGE A-19

1M1
TJMI
TJIM]
TJM]
TJIM1
TIMI]
TJMI
TJH]
TJM]
TJMI
TJIM1
TJM]
TJMI
TUM1
TJM]
TIM]Y
TJIMI]
TJM1
Taml
TUMI
TJMI
TJMI
TJMI
TaMY
TJM1}
TIMIT
LINLLD
T.UM1
TJIM1
TIMI
rami
TUMI
TJMI
TJMl
rJM1
TaMy
TJM]
1JMI
TJM]
TJIM]
TJM]
TJM1
TJMI
TJl
14MI
YJUM]
TJM]
TJMI
1JM1
TJIHI
TJdM
Tael
T UM
[T
1Ml
TJM]
TaMl
[IRE
M}
TaM]
Tam]
ToIM g
M

10
20
30
aHty
b
60
T0
80
90
100
110
120
130
140
140
160
170
180
190
200
210
220
230
240
S0
260
270
280
200
300
310
324
330
240
350
360
170
1HO
390
400
ala
420
430
4440)
40
460
G410
480
4930
200
510
520
L0
L4
H50
50
L
LD
S
H0O0N
(]
o0
s )
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B e ppeipenyepen =

Py

PR

THl STREAM AXISYMMETRIC HASE PRESSURE PROGRAM

APPENDIX AL
SUBRUUTINE TJgMIX {TSARPR-2) PAGE A-20
(atrszrOR SIREAM 2, TJMI 640
CSQNZN = CRZMSFIEMSPREIPROND, GAMMAZ ) (GAMMAD) 1JM1 A50

CSON2 = CRI2MSEFIEMS?,CAMMAR) TJMT 660
C?2=SORT  (CK50N2) TJMT 670

CNR? = SQRT  (CSQD2D/7Ts0Nn2t 1M1 680

PHIN? = PHIDFICNR?, TRRND2) TIMT 690

CALL TECRALIPHIND? ,CSQN2,TRANZ2 4F1 12,0 11D2,%1337,F1307) T4M1 700

CHer et VALUATTON OF BLEED AND {NFRGY RATIOS. TIMT 710
S51GMAYL = SIGMAF(EMNMSE(EMS] GCAMMAL D)) TJIM] 720
SIGMA? = STGMAER (LMNMSEIEMS2, GAMMA? ) ) TIML 730

PRAMT =PRMSE(EMS] GAMMAY ) /PRMSF (FMSNT, GAMMAL) TO0MI 740
COtFFI=1{1)+000S (BETANLDYY/SIGMA)L ) % (HIMP/RNI)I®[ TOMLI/RNY)#*(PRENIIXTIM] 750

1 SCRY [ 2)%GAMMAL/Z{GAMMAL-1,0))%(1.0/WTFLMS (FMSNL,GAMMALY) TIMT 760
CORLE2=(TaML2/T ML II* (S TOMAT/STOMAZIESORT ({1 0/TROZ21 1 ¥ TJUMI 7710

] {CAMMA? /GAMMAL ) *(GBC1/GC2I#{ [GAMMAL-]1,0) /IGAMMAZ-1,011}5 TJMI 78RO
COFFE3-{STGMAL/SIGMA? YR (TUML2/TIML1)#SORT ((GC2/6C1I2(TRO21) 1 TIMI 790

1 CULGAMMAR /GAMMA L} 2 ( {GAMMAL-1.0) /(GAMMAD~1,01 1) %% 1.5) TJM1 800
BLOR==CORFEIXICISIFTIINI-FI1D1) 4 CURFER*C2%(ETINZ2~FI1J2)) TJMI 810
ENGR=-COFFF I {CLIT(FI3DI-TRAOLI*FTI1I1) + COFFE2X(C2x% TJIMT E2D

1 (FI3N2-TRANPRET]1 42V} TJMT RAD
RETURN TJUMY R&4Q

£FND TIM]I A&0

e e i e ———t
S e A gt e s = e
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) APDENDIX AL TWO STHEAM AXTSYMMETRIL BASH PRESSHRE ORDGRAM .
SURROUTINF DUT2M [1SAnpEp-2) PAGE A-21
SUBROUTINFE NUT2MIPREE,PRRY ], PRIEO], TRBOE , IKBOT, TROFTZPROT L, aTMe 1o
1 PRITEGBLDR yENGRGNFRINT 4GP Chy L NRO, FNGRY) oTM2 20
[ nrHy 3y
CrsmzaOuI2M WRITES OUT THE CALCULATED MIXING RESULTS AND CVRRENT DATA. 0OTM2 40
c (o) ST
i C #EEYARTABLESS ATM2 6O
{ N 0TMZ 70
| C PRY = BASF PRESSURE RATIO, PR/PE, OTM2 RO
. C PRAYT = BASEF PRESSURE RATIN, PH/PLT, oTMe wn
! C PROEOT = STAGNATION PRESSURE RATIU, R0OF/POI, nTHZ 100
“ o TRAIM = BASE THMPERATUREF RATIO, TB/TOF. nTM2 110
| C TRANDD = BASE TEMPERATURE RATIO, 1871011, 1Mz 120
o C TRUOET = SYAGNATION TEMPERATURE RAT I, TOF/TGI. OTHMZ 130
i C PROTE = INTHFRNAL STAGNATION TO FXT. STATIC PRFSS. RATIOy POI/PE. NTM2 LaO
: C PRITE = INPUT STATIC PRESSURF RATI(O, PYI/PE. OTH? &0
C HLDR y ENGR = SEE OSUBROUTINE 2TJMIX*® FOR OFFINTTINNG,. OTH2 160
: C NPRINT = SEE SUBROUTINE *TNOUT =, OTM? 170
) c cp = BASE PRESSURE COEFFICIENT, QTM2 140
i ¢ ch = BASE DRAG COFFICTFNT. NTMZ 100
I r BLORD,ENGRO = SPICIFTED VALUES OF FHE BLEED AMD ENERGY RATIOS, nMiwe2 0o
C nTM2 10
C OTM2 220
[F (NPRINT.LT.0) GO TO 103 NyM 22
i e T DIMZ 240
. WRITE {6y130) PRITF,TROET,PROEDTPROTEZALDRO,ENGRD niMe pun
ﬁi \ 103 FORMATII19X, 41H #&%322TURBULENT JET MIXING RESHLTS®x2nt, 7/, niMz 260
i . 1 39%, 19H *4xCURRENT DATAY™ e (//, 0TM? 270
f ! 2 14Xy 11H PLI/Pt = FBahy 17Xy 11H TOURZTO] = FR.Yy/ /)y NIM2 2un
i ) 3 JeXy 11H PUR/POT = FB.5, 17X, 11H PULl/PE = ER,3 44/, 0TM2 240
A i 4 JaX, 9H BLDRO = F12.9, 165X, 9H ENGRO = t 12.4%477) 0TM2 300
| i ¢ 0TMZ 310
; WHITE (6y101) HLDR y FNGR aTmMy 320
) l 171 FUORMAT{AIX, 1RH *#¥MIXING DATA%%%,//, niMe 330
-W H 1 14X, BH BLNDR = Fl2.%, 16X, BH ENGDR = 12.5¢//) 0OTM2 340
o ! C 0THZ 250
: WRITH (64122) TRHDE g TRBNT,RRAE L URBLT,CO,CD nTM2 360
! 172 FORMAY [16Xe45H #228ASE PRESSURE AND TIEMPERATURE RESUL ST 4 /7, OTM? 370
I laxy 1OH TRZTOL = FB.%, 1RXy 1OH TR/ZTOL = F8.h, /7 NTM2 330
I s laX, 10H PR/PE = FR.S5y 1RXy 10OH PB/PIT = FR,. & /7, nTMZ 390
E 2 14X,y 10H CP-R = FRaHy 1HAy 10H TD-H = FHH 4/ OTMe 400
H 4 Y%, GOH kEtax| ND I CURREMT CASE RELULTSZsa5ts /) niMz aln
‘ 5 P Xy 4)H EXAIAvadnierdsErtLINiitiiRet ot b anutatun, /) (1TM? 420
[4 (NTM2 624
103 Rt TURN NIM? 440
: ND NTM2 640




APPENDIX A, TW) STREAM AXTISYMMETRIL BRASE PRESSURE PROGRAM

SUPRDUTINE TTFR {TSARPP-2) PAGE 4-27
SUBROUTINF TTFRIX,0X, FRRORX y STON, Y YGTVEN,f RRIRY yNT T, NTYPE, ITER 10
1 XNE Gy YNE Gy XPOSYPUSNSTGNY NS TGND) ITER 20
C [TER 3D
CoiuxaSUBRRNOUTINEG PERFUOIRMS AN JTTHERATION T FIND X SUCH THAT THE ABSOLWNTE ITLR 40
C VALUE OF (Y-YGIVEN) 1S LFSYS THAN OR EQUAL TO FRROKY OR THL JTER 50 !
« ABSOLUTFE VALUE OF {X({T+31-%013) IS LESS THAN OR FOUAL TO FRRORX, 11kR &0
r ITER 70 ,
C #23VARTARLES ™ = ITER  #O
c TTER 90
¢ X = INDEPENDENT VARTABLE. ITER 100
C nx = INCRFMENT IN INDEPENDENT VAKTABLF. ITER 110
c ERROARX = MAXTMUM VALUE OF ARSIX{T+1)-X(1)) FUR SHLUTION, ITER 120 |
c SIGN = +1.0 (R ~1.0, DEFINFS INCREMENTING FROM X INTTIAL. 1TER 130 !
c v = DEPENDENT VARJARLE. ITER 140 f
c YGIVEN = GIVEN VALUE OF DEPFNDLNT VARIABLE. ITER 150 !
c ERRORY = MAXIMUM VALUE OF ARSIY~YGIVEN). ITER 160
c NIT = INCREMENT NUMBER. ITER 170
c NTYPE = 1, INCREMENT. ITER 1RO
9 = 2, INTERPOLATION, ITER 190
¢ = 3, SOLUTION, ITER 200
c ITER 210
DY=Y-YRIVEN ITER 279
TFUARS (DY)=ERRORY) 90,90,10 ITER 230
10 17 (bY) 20,%0,30 TTER 220
20 NSiGNZ=-1 ITER 250
XNEG=X ITER 260
YNEG=Y ITER 270 :
GU TU 40 ITER 280 :
30 NSIGNZ=+1 ITER 267 }
XPOS=X 1TER 300 !
YPOS=Y ITER 310 i
40 GO TO (w0 ,H0 Y, NTYRE ITER 320
50 1FINIT=11 70,70,60 1TER 330
60 NSIGN=NSIGNLTNSIGN2Z 1TER 340 !
TFONSTGN) 80 ,R0,70 ITER 3%0
70 NSIGN1=NSIGN? TIER 360
NIT=NIT41 ITER 370
C¥e%sx [NCREMENT TO FIND SOLUTION [NTERVAL. ITER 38R0
X=X+ 8IGNEDX TTER 390
GO TO 102 ITER 400
Cexex2INTERPOLATION FOR SOLUY 1IN, ITER 410
BO NIYWE=? 1TER 470 ;
NIV=NIT+] ITFR 430
XSAVE X 1TER 440 !
QAT IO CXPOS-XNEG) Z (YPOS- YNEG) ITLR 440
X-XNEGARATIDHR YO IVEN-YNE ) 1THR 460
Crer=eACCHLERATION (0 CONVERGENCE UF TTFRATION-=REFb. WEGSTEIN, NBS, 1TER 470
A = 1.)/RATIN 1TER 4HD
TF(A-14) BeyRR,R? ITER 4wD .
A2 0 = A/(A-1.0) 1TFR 500 :
XWGSTN = O7rYSAVE + {1,0-0)%X ITIR 51D :
TE{XNEG-XWGESTNY K4y BO, BH 1TFR 420
B T OXWGETN-XPOS) Hb g Be HA ITER 530
BO X=XMLG TN ITER 940
RE T {ARSIX-XSAVE ) ~ FRRORXY 90,90, )00 ITHR %50
90 NIYPE .3 1TER 560
100 QU TURM 1TFR 570
£ N 1TER SHO

=0
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APPENDIX AL TWlt PTSRAN LM - oy A e e - - - re
LUeRODTIRE ART S (IR

SURR T TNy Lt 70 0 Loy oy M " s Tt - e . .. .

1 SeSA BT N TR e,
TrerrrRe LNt G TS, 3y 0L 3 - e T PR PE YT W . C LT P L ts e wgRw > "
4
7 [ S S B L - - ~
¥
“re=~rg-wBeC % e v T I N B o8 imvw tr v omy -y - rvegh 8. ERC N | e s b LB e a LY
4
- R LT TR Gy - A, . A v
r

“y Y . Pe. T .., T Tl t TR Na- - - T eem 14 T - -

+ [ o L - e n E-3 - - A b
I YR R T 1

P N L e Y TR e LML e T ATy, e,
i q'lr;.._
4 e VAR | ALY Swue
-
C AMMA LORATIO N Sue T TRIC M- AT
- LR = O IKNTITIAL P RPESTREAM MA, ~ STA AT STATINY ],

XAT ] RHETY = CNORDINATFES NE - FLRST O INT 3 HIGATTATL,

ANGRT] = IKITIAL RUATTAIL aNG_or AT STATLINN |,

aEaNelalalasNal sl NaNalaNaNale e e Nale Wil

Ne CATIVE AND TN RANFANT,
XRTP2L,REBTZS = 1 INAL POINY OON RDATTAL,
NSHAFE = Se b SURROUTINE $HTONST»,
NPRINT -1 UR 0O, B BR.P, NATA NNT PECINTLD,
tly PLoR.P, DATA PRINTED,
NUMBER OF [ I-CHARL PUINTY CALCULATED ON CHAH, THRUUG ()
St OSUBRDUTIMNGE tRYITUER®,

N

NOCPTS
NERR DR

#2x(OUTPUT DATA (IN ORDEKI®®e

INPUT DATA TO ABYS

X e LONGITUDINAL CONRDINATE UF BUUNDARY POINT.

R = RADIAL COGORDINATE Nk BOUNDARY POINT.

THETA = LOCAL FLUOW ANGLE AT BOUNDARY POINT (IN DIGRILS),

NUOTE ==-- THE TT-CHAR. DATA THROUGH (XBY2,RBT2) IS TRANSHITITED 70
THE MASTER PROGRAM THROUGH *CHMMON% [N THE AR<AY CHAKL .,

PRMSF(IMS, GAMMA ) = {1.0- { (GAMMA=-1,0) /({GAMMA4]1,0) ) %FMSe%2) %2

1 {GAMMA/ (GAMMA-]1.01))

FMNMSELEMS g GAMMA )= SQRY  (({2.0%(EMS2%2)) /ICAMMA+LLO) 1/

1 (L 0= (GAMMA=] 0} /(GAMMA41.0) b2 (EMGee2)) }
DIMENSTION PMBI10O0,5%92)y CHARI(S,30), CHARE(S5,30), P1I5), I'2{b]),
1 P3(H)y CIIN(S)

CUMMUN PMB ) CHART yCHARE «P1,P2,4P3

CALL BICNATIXBTYI RBTLANGBT 1 XHT2 . RATZ2,NSHARE LY, 02,030

(re*aaINPUT DATA, 50ME DUTPUT UDATA, AND CHLUMN HEADINGS AKRE PRINTLD.

CALL ODUTRTIIGAMMAZEMS] (XBT] REY Lo ANGBT ] o KBTZ,RET2 ¢ NSHARE
1 C1yC2+C2yNPRINT

CEideex Y INITIAL VALUES.

NGITTE: )

NOCHT 5=

NT: 1

PRINY: PRMSE (MG s GAMMAY)
EMET-EMEMSE LEMST 3 GAMMAY)

SEERHOMAER (I BOTNTS CALCULATED ON THE 1T CHARACTHERISTIC DRIGINATING

Al [XHIZyRBT2 15 SPECIFIED HERE . (LIMITE MAX. = 3D,

i

E]

pan
| Qr
200
s
e
S A0
F
oan
enh
oo
20
290
00
3toe
320
330
3140
350
360
370
jno
390
“00
410
%20
430
H40
450
460
470
480
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APPENGTX A THO STREAM AXTSYMMETRIC BASE PRESSURE PROGRANM
SURRIMITINE ARTS (15RRPP-)
LIMITE=Y

(aFtextOR OUNTFORM FLUW,
10 EMSoE MG
DR=D L) 7ERITY
BX=SGRT (EMNTRd7-1,0) 21
GO TO 4y
teseest OAD INTTTAL VALUES AT (X911,RB111 INTUO THE PMR ARQAY,
1) PMRIL1y141)-XRT]
PMREY 7Y ) =HATY
PHIECL, 3y ] 1=t MG
PHMRLL 0,110 ,0
PRCARN (ANGETTI-1.00-3) 40,60,%0
Cee s ATTALL WITH ZERGO INTTIAL TURNING ANGLE ,
) KD
O T T
Crraseb AN AYTRIHDDY WITH INITIAL TYORNING aANGLE,
BT (ANGPT YY) BReN2 N4
creeect O 4 HIATTIALL (BETAZE NEGATIVE ).
M) Kz ARSI T, UL ITReANGATY )Y ), 0)
GO T NA
Teeass APPROXTMATE ANALYSES FOH A FPLARE (BF1A20 PUSTTIVE).
B Ko=)
S FK e K
NIA-ANGRY /K
(e #a2CALCULATIUN OF CrAR, ARKAY DATA FUR POINTS L=l K+l AMD N=),
N 60 L7 14%
PME(L+ o1l tebMRIL T, 1
PHACL 41, 2,1 =M (L,2,1)
HMB(LS Loa, P1-0MR{L 4, 1) 4 OTA
L0 PMELL 41,3, 1)t MSPMIPMU T ,3, 1), PMB{ ) by 1) ¢ PMH{L+,4,1),0AMMEA)
Cxcomaak ] f% NOMALR OF FAMILY 11 CHAR. PUR SUBDIVIDED EXPANSTON,
0 Kl=zre?
Ve THE INTTIAL BOUNDARY POINT DATA 14 PRINTID,
DI HO M=],4
RO PI{MI=PMI{K]lyM, 1)
CALL ODUTBT 2 ILAMMALEMS T  E MNY  PRIOT, P, NY G NGOTO,MPRTNT,, L)
CoecwaTHE FLOW 1 TRLD CALCULATYNNS ARE NUW MADU ALONG P AMILY 1

[ CHARACTIRISTIOS STARYING JROM THE INPUT POINTS ON IHE SURDIVIRTD
(. INTTIAL §AMILY FOR OTHE #IRAT ARG SUASEOUENT AX T HOINTS,.
B2 NYrNI4}

Ceere 2 CALCULATTION DF THE ANTTIAL TT-CHARACTERISTIC DATA POLINT,
Co¥eas PAD CUMRENT TI-CHARKACTERISTICS ODATA POINTY INTO VM ARKAY,
BHOPMBEL, 142 3sPMRLEY,1,1) 4+ DX
PRUC Ly gy 21=20M(L1 47,1 4 DR
PHMHLLy 3y 2 )=t My
PMB LY, 4,21 PMB(), 1)
GUTH (934497 ,100), NGOG
Q) DI 52 Mz ), 4
QP CITO(MI= VMR M, 7}
G4 T 98
Sa D G M4
SO PHE LMy 210 T THEMY
i 1H{K) 141,140,100
Cavex s ALCULAY LONS ARE FOR THE LCURRENT N-TH POINT ON THE  TNITTAL
[ FAMIEY [0 CHAMACTERTIATIC,
1,
199 DY 11) L),k
CromrmeaC AL COLAT IS ARE IR THt CURKRENY (~Tv ¢ YPANS TN TNCREMENT .
Lreoes sl OAD DATAZ PIELD DPOINY CALCULATYIEN/ STORE DAT A,
CALL MOOATACT L L4103 KPTH)
CACL FPSTGAMMA,L P P2, P4y NI RPOK ]
THINTMIORY 210,110,110
TG At MR TACY U Ly U d KB}
Cr2aseALY FTEeh POFRTYS DN N=TH §AMIEL Y T LHAK, HAVE BEENM CALCULAYED,

PACY A=-24

ARYS 640
ARTS 650
ABTS &60
ARTS 610
AHTS GHO
ARTS 6£80
ARTS 70O
ARTIS 710
ARTS 720
ABTS T30
ABRTS 740
ARTS T7H0
ARTSH TGO
ARTS 77O
ABYS 7RO
ARTS 790
ARTS BOQ
Atci s HIQ
ABTS B2O
ARTS R3O
~RYS B4D
ABRTL BHO
ARTS H6O
ARTS BYD
ARTS HBO
ABTS HYO
LBy €N
ARTYL W10
ABYS 920
ABTS 930
AV TS Q40
ARTS 9h0
ARTS 960
ABVTS 9100
ARTS QRO
ABTS YWD
APTNTOQO0
ABRTSIDLN
ARTSN1020
AHTS1030
ATHLI0L0
ARTNTIOY0
LEYSI060
ARTSIOTH
APT51080
An1L10890
ARTSTTOO0
ARTHIILN
AFYSTILNTO
ATST T30
ARTSY1AO
AHTSTLS0
APTSITGO
LSRR BN
APTLTLAO
ARTS1LERO
ART151200
ABTSIZLN
RARTISLI220
ARTG] 2130
Ai.TS1 240
AWTY 200
LT Z760
ABTISYZ2T0

AP
SHIRE
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ot APPENDIX AL TWO STRUAM AXISYMMETHIC BASE PRESTURE PROGRAM
f SUBRUUTINE ARTS {TSARPP =) PAGE A-2% .
!
\ GO TOD (146),14),120), NGOTU ABTS1280
. , (v*xe¥STORE BOATIAIL 11-CHARACTERISTIC DATA. ARTS 1200
| 120 NDCPTS=NOCPT 541 ARTS1300
! D) 130 M=1,4 AFTS1310
'i 130 CHARE [M(NOCPTS)=p3(M) ARTS13,0
: Coesc2CHARACTERISNTICS IPATA SHIFT. AETS1330 ‘
; CALL MECDATA(A,L1yL2yL3,K41) ART 51340 !
l [FINOCPTS-LIMITE) H2,20U,200 ARTS1350
R Cedasa (A0 DATA/ RUUNDARY POINT CALCULATENN/Z STORE DATA, AH1 51160
( 140 CALL MCDATA() ,K#1,K+1,L3,KPTS) APTS1370
“ CALL  RBTIBPSTGAMMA, ] P2, PIyNSHAPI yC 14029 03y NERROR ) ARTS1 380
| THINERRURY 200,144,144 AKTS) 390
Cv#®##CONTINUF BOATTAIL CALCULATION, [TERATE FOR 1-CHARACTERISTIC ART 41400
\ C THROUGH THE BOATTAIL END POINT [ XET2.RBT12)Y, OR CALCULATE THE Al1SNT410
N C VI-CHARACTERISTIC ORIGINATING AT THE POINT (XHT2,RBT2]. ARTS1420
- C ALYS) 430
| 144 CALL BTITEROXBT)Y ¢ XB12,03,C1T0,NGUTU,NERROR) ARTS 1440
. i TF (NFRROR) 2304 1ab, )46 ARTST4M0
| 146 GO TO (17)¢9u,150), NGOTU ABTS1460
N CarenkLDAD FIRST BOATTAIL T1-CHARACYERISLTIC PUINT, ARTS1470 ‘
o : 150 h0 160 M=],4 ABYS14HO ‘
N 160 CHARE (My1)=P3(M) ARTS 1440 ‘
! i 170 CALL MCNATALDZyL1,L2,K42,KPTS) ARTI NI SO0
v ] CanserlHE CURRENT HOUNDARY POINT DATA 1S NUW PRINTED. ARTSEISIO
1 CALL OUTBTZIGAMMALEMST EMNL,PRIULyP3,NT(NCUOTOZHNPRINT,CDY ABT SR 0
R CesoxeCHARACTERISTICS DATA SHIkFT. ARTS1S30
~\ CALL MCDATAL3,L14L2,03,K+7) ARTS1 540
(#4424 ADVANCE INDEX FOR NEXT INPUT POINT ON INTTIAL (HARACTERISTIC. ABTS1H50
. K=K+l ARTIS14560
i ! Gl 1y g? ABTHISHTO
i 200 RETURW ARTS1SH0
{ : END ABTS 1RG0
! i
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TWO STREAM AXISYMMETRIC BASE PRESSURE PROGRAM

APPENDIX 4,
{TEABPP-2)

SUBROUTINE BTCNST

SUBRAUTINE BTCNST(XBTIRBETL,ANGBTLsXBT2,RBT2¢NSHAPE,LC1,C2,C3}

*EEVARTABLES**%
INITTAL LONGITUDINAL BOATTAIL COORDINATE.

XBT1

RBTL INITIAL RADIAL BOATTAIL COORDINATE.

ANGBT1 INITIAL BOATTAIL TURNING ANGLE, RADIANS, CCW(+}.
XBT2 TERMINAL LONGITUDINAL BOAYTAIL COORDINATE,

RBT2 TERMINAL RADIAL BOATTAIL COODRDINATE.

2y PARABOLIC BOATTAIL.

3, CONICAL BOATITAIL.

=
=
NSHAPE = 1, OGIVE BOATTAIL.
.
3 = COFFFICIENTS IN THE BOATTAIL PROFILE EQUATIONS.

Cl+C2,C

GO0

SLOPE1= TAN [ANGBT1)
GO YO (10420,30)s N3HAPE

Cxssx%0GIVE BOATTAIL (NSHAPE=1),
10 C1=(0,.5¥1%( (XBT2-XBT1)**2-2,0*SLOPELI*RBTI*(XBT2-XBT1) +RBT2#%2

1 -RBTI**2} / (RBT2-RBT1-1.0*SLOPEI#{XBT2-XBT1! !
C2= XBT1 + SLOPEl1*(RBT1-C1}
C3= (XBT1-C2¥%%2 + (RBTI-C3}**2
GO TO 40
C*xxxxp ARABOLIC BOATTAIL (NSHAPE=2),
20 Cl={ RBT2~RBT1~-SLOPE>*(XBT2-XBT1}) } / -
1 { XBT1*#2+XBY2%%2 ~2,0%XBT1*X872 }
C2=SLOPF1l -~2.,0*C1*XAT]
C3=RBT1 ~ ( C2*XBT1l + C1*(XBT1l*%2} )
GO TO 40
Crasxx(ONICAL BUATTAIL (NSHAPE=3),
30 Cl=RET1
C2=aSLOPF]

C3=XBY1
RBT2=RBT1+SLOPEI*(XBT2-XBT1}

40  RETURN
END

PAGE A-26

BTCN 10

BTCN 20

BICN 30

BTCN 40

8YICN SO

BTCN 60

BICN 70

BTCN 80

BICN 90

BTCN 100

BTCN 110

BTCN 120

BTCN 130 ,
BTCN 140
BTCN 150
BTCN 160
BTCN 170
BTCN 180
BTCN 190
BYCN 200
BTCN 210
8TCN 220
BYCN 230
BTCN 240
BYCN 250
RTCN 260
RTCN 270
BTCN 280
RTCH 290 .
BYCN 300 ©
RTCN 310 i
BTCN 320
BICN: 330
BTCN 340
BTCN 250
BTCN 260
BICN 370
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APPENDIX A, TWO STREAM AXISYMMETRIC BASS PRESSURE PROGRAM
SUBROUTINE OUTBT] {TSARDPP-2)

SURROUTINE DUTBTL1(GAMMA,EMS]1,XBT1,RBT1, ANGBT1.-%XaT74RBT2,NSHbPE,

1 ClyC29C34NPRINT)
C
Cen*axTHIS SUBROUTINE PRINTS INPUT DATA, SUME OUTPUT DATA, AND
C HEADINGS FOR THE BOUATTAIL CALCULATIONS,.
C
PRMSF(EMS  GAMMB)={1.0-((GAMMA=]1,0)/(GAMMA+],0) ) %EMSm22 ) nx
3 (GAMMA/ {GAMMA=1.0))
EMNMSF{EMS y GAMMA}=SORT {{(2.0"{[FMSEx2) )/ (GAMMA+]1,0))/
1 {140-({GAMMA-]1,0)/{GAMML+],0} ) [ EMS%x2)) )

IF(NPRINT) 10,104,100
100 EMNI=EMNMSF(EMS1,GAMMA)

PR10D1=PRMSF{EMS] GAMMA)

BETAD®5T7.2958%ANGBT1

200 WRITE (641) GAMMA , EMNIPR10}
1 FORMAT(IH1,///+21X423H AXISYMMEYRIC BOAVTAIL /,
1 15X430H WITH UNIFORM SUPERSONIC FLOW //
2 21X, 20H #mak INPUT [DRATA == /7,
3 TXy9H GAMMA = F5.3;:3X,12H MACH NG, = Fh%.3,3Y, 8BH 7,00 = F6.4//)

o
530 GO TD (2,4,6), NSHAPE
o
2 WRITE (643)
3 FORMATIIH ,19X427H * OGIVE ROAYYAIL PROFILE *)
GO TO 8
C
4 WRITE (645)
5 FORMAT(IH ,19X,32H * PARABOLIC BROATTAIL PROFILF * )
GO TO B
C
6 WRITE (647)
7 FORMAT(1H ,19Xy30H * CONICAL BOATTAIL PROFILE % )
o
8 WRITE (6,9} XBT1)RBT1sBETAD,XBTZ2,RBT,C1,C2+C3
9 FORMAT(IH ,//,7Xy 8H XBT1l = F6.343Xy BH RBT1l = F6.3,
1 4X,10H ANGBTY1 = F843//,7X4RH XBT2 = Ft.343X,RH RBT2 = F6.3//,
2 7X.8H C1 = F7e43,2%X,8H C2 = F7.3,3X,10H C3 = FTe3/7/y
3 20X437H #x% BOATTAIL SURFACE QUTPUT DATA %*=% //,
4 12Xy IHX$14X 3 1HR ¢ 10X, BHMACH NOL 99Xy &4HP /P 1, 9X,9HCR {LOCAL)} //)
C
10 RETURN

END

85
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0BTl
DBT1
0871
DBT1
OBT1
0RT1
0BTl
NBT1
o871
OBT1
0BTl
0BT1
0871
OBTIL
0BTl
0B8T1
asTl
QBT1
0BTl
0BTl
CRT1
0871
08Tl
aBT1
0BTl
08Tl
oBnTY
0BTl
ouT1
0BTl
08Tl
0BTl
o871
0BT1
08711
0BTl
OBT1
0BTl
08Tl
nsTl
0871
0BT1
0BTl
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f APPENDIX A, TWO STREAM AXISYMMETRIC BASE PRESSURE PRINGRAM
SUBROUTINE BTAFS {TSARPP-2) PAGE A~28
2
SUBRNUT INF BTRPSUIGAMMA,P1,P?2,P3,NSHAPE,ClyC(2,C3+NFRROR) RTBP 10
T C BTBP 20
| C BOATTAIL BODUNDARY PODINT BYBP 30
; c SUBRUOUTINE (BTHPS ), BTRP 40
]' C 8TBP 50
N Cx¢%2eTHIS SURRNUTINF CALCULATES A POINT P3 ON THE ROATTAIL WALL RTBP 60
; - GIVEN THE PROPERTIES OF A POINT Pl I[N THE FLOM FIFLD. RTBP 70
i C RTRP R0
{ C x5 VARTABLESH#= BTBP 90
¥ C BRTRP 100
j c GAMMA = RATIN OF SPECIFIC HEATS,. RTRP 110
C PICJY = J-TH FLOW VARTABLE AT THE POINT | WHFRF [(=1,240R 3, BaTRP 12
" C PILJ) AND P2{JYsJ=1,5 = FLOW VARTIABLES AT KNOWN POINTS 1 AND 2.  BTBP 130
| C P3I{J),J=1,5 = FLOW VARIABLES AT THE UNKNOWN POINT 3, ATRP 140
N ¢ THE J SUBSCRIPT INDICATES THF FOLLUWING VARIARLES~~- BTRP 150
: c J=1 CORRESPONDS TO X. BYBP 160
B C J=2 CORRESPONDS TO R. YTHP )70
i ¢ J=3 CORRESPONDS TO MACH STAR {EMS), RTAP 1RO
‘ c J=4 CDRRESPONDS TO THETA IN RADIANS (THETY, BTBP 190
; ¢ NSHAPE = SEF BELOM. , BYBP 200
A C C1+C2+C3 = CONSTANTS IN THF BOATTAIL PROFILE EQUATIDNS. BTAP 210
! c NERROR = A CONTRUL VARJABLE FNR CHECKING THE POSSIBILITY THAT RTRP 220
" C THE CURRENT CHARACTERISTIC MISSES THF BOATTAIL AND AN HYBP 230
.| c TTERATION 1S REQUIRED, BYBP 240 ‘
N C NERRNDR =-1 ,,. ERRNR IN CALCULATION. BIBPR 250
2 C NGRRAR = 0~ .,, NO ITERATION REQUIRED. ATEP 260
! c NERRDR = 1 ... AN ITFRATIUON 1S RFEQUIRFD, “YBP 270
i o RTRP 280
| c BTRP 290
it C POINTS 1 AND 3 APE ASSUMED CONNECTED BY FAMILY 1 WHERE BYBP 300
! C POINT 3 1S DN THF wWALL. fT8P 310
c ETBP 320 !
“ c THE RDATTAIL PROFILE 1S SPECIFIFD BY FOUATIONS OF THE FORMe=« BTBP 330 ¢
A c RTBP 340 |
| C 1. IF NSHAPE=] 0GlVE RTRP 350
} c R= C1 4 SQRT( 3 = (X=L2)%%2 ) RTRP 340 ;
. c BTBP 370
“ c 2. 1F NSHAPFR=2 PARABDOLIC BTRP 180
f c R= €3 + C2%% & Cle(X¥%2) RTBP 350
' c BIRP 400
c 3. IF NSHAPE=3 CONICAL BTBP 410
. c R= Cl + C2%(X-(3) BYBP 420
g C BTBP 430
: C WHFRE C1,C29AND C3 HWAVE BEEWN CALCULATED FRUM THFE INPUT DATA BTBP 440
! c IN SUBROUTINE #BYCNST®, BYBP 450
X o ATBP 450
" C BTBP 470
: ALIHAF(EMSTAR yGAMMAT=ATAN (SQRT({1.0 =~ ((GAMMA-1.0)/(GAMMA+1.01} RTBP 4BO
i 1 %(EMSTAR®%2))/LEMSTARR®2-1,01)) PTBP 490
ﬁ AVGF(A,R) = (A + R)/2.0 BTBP 500
4{ PCUOEFF{FMSTARyALPHA ) =EMSTAREXTAN (ALPHA) BTBRP 510
N QCOEFFINPOINT RADIUS,EMSTAR, THET A, ALLPHAY = [ {EMSTAR/RADIUS ) # BTBP 520 .
#, 1 {TAN (ALPHA)®%2)%TAN (THETA))/(1AN {THETA} & ({~1.D)#&NPOINT}* BTRP %30 :
) 2  TAN (ALPHA)) BTBP b4l !
‘ HOCOEF (RADTUS EMSTAR, THETA,ALPHA)={ (EMSTAR/RANIUSI®TAN (ALPHAI® RTRP 550
1 SIN (ALPHA)®SIN [THETA)) BTBP %60
CxuxxxtPOINT IN  OCOEFF() INDICATES THE KNOWN PUINT BEING USED~~1 NR 2.BTBP $70
NIMENSINN P1{S}, P2{5), P3(%) BTBP SHO
ComsxnERROR FLAL SET. RTBP $90
NERROR =7 BTHP 400
NCOUNT=Q BIRP &10
NCTMAX=1S 8TRP 620
EMSMAX=SORT ((GAMMA+1.0)/{GAMMA=]1.01) RTBP 630

-~
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1 APPENDIX A, TWO STREAM AXISYMMETRIC BASE PRESSURE PROGRAM .
; SURROUTINF RTAPS {TSARPP-2) PAGE A-29
!

A CrxsssKNOWN INPUT DATA FROM POINTS 1 AND 2, - BTBP 640
i . X1=P1(1) BTBP 650
| i R1=P1(2) BYBP 660

" EMS1=P1{3) BIBP 670
' THET1=P1l4) BTBP 680
: R2=P2(2) BTBP 690
: EMS2=P21(3) BTBP 700
! THET2=P2 (4] BTBP 710
| CeuksaFOR AN INITIAL FSTIMATE OF THE VALUES AT POINT 3. BTBP 720
; _ R3=AVGF(R1,R2) BTBP 730
: i EMS3=AVGEEMS],EMS2) BTBP 740
| : THET3=AVGFITHET1,THETZ2) BTBP 750

X GO TO 17 BYBP 760

| i Cosxss] TERATINN FOR VARIABLES AT POINT 3, BTBP 770
1 Cesxx«{F NSHAPE = 1, OGIVE. BTBP 780
; 1 A=1,0 + (TAN (DIFF13))%%2 BTBP 790
B=2.0%(R1-C1)*TAN {DIFF13) -2.0%C2-2.0%#X1%(TAN (DIFF13) )%#*2 BTBP 800

,‘ C= C2%2%2 = C3 + { (R1-C1)~-X1%TAN (DIFF13) )®%2 BTBP 810

i DISCR=B%2-4,02A%C BTBP 820

K IF(DISCR) 19,19,3 BTBP 830

) 3 X3={-B-SQRT (B®¥2-4,0%A*C}1/(2.0%A)} BYBP 840
i R3=R1+{X3-X1)#TAN (DJFF13} BTRP &50

By THET3=ATAN ( (C2-X3)/(R3-C1} ) BTBP 860
i GO TO 10 BTBP 870
! Cx*e20]F NSHAPE = 2, PARABUOLIC. BTBF RBO
| i 4 A=Cl BTBP R90
i | B=C2-TAN (DIFF13) BTBP 900 ‘
K C=C3-R1+X1*(TAN (DIFF13)) BT8P 9]0
I DISCREREB a0 ,0%A%C BTAP 920
: IF(DISCR) 19,19,6 BTBP 930
t 6 X3= (=B+SORT (B®¥2-4,0%A%(})/(2.0%A) BTBP 940
| R3=R1+(X3-X1)%TAN (DIFF13) BTAP 650
; ] THET3=ATAN (C2+2.0%C1%X3) BT8P 960
i ) GO 10 19 BTBP 970
; Cexxik]' NSHAPE = 3, CONICAL. BYBP 980
; 7 X. s {Cl-R1-C2%*C3+X1%TAN (GIFF13) ) / (TAN (DIFF13) - C2 ) BTBP 990
! R3=R14(X3-X1)%TAN (DIFF13} BTEP1000
[ IF(R3) 19,19,9 KTBP1O10O

9 THET3=ATAN (C?2) BYBP1020

CexmxuTEST AND EVALUATION FOR HORIZONTAL I-CHARACTERISTICS. BTBP1030

| 10 IF(ABS (DIFF131-1.0E-3) 11,11,12 BYBP104D

: CexxxsFOR 1 HORIZONTAL. ATBPIOS50

' R 1! PROD13=HOCUOEF (R13,FMS13,THFT13,ALPH13)*([X3-X1) BTBP1060

, i G0 1O 13 BTBP1O70

< CrexssEOR T-CHARACTERISTIC, UeKe BYBP1080O
1 12 PROD13=0OCOEFF(14R13,EMS13,THET13,ALPH13)%(R3-R1} ATBP109Q

L C#*ex%#CALCULATION OF FLOW VARIABLES AT POINT 3, 8T8P1100

L 13 EMS3=EMS1-P13%{THFT3~THET1)+PRON13 BTBP1110
. DIFFMS=(EMS3-SAVEL S /SAVE] BTBP1120

; IF({EMS34LT+1.0) +OR. {EMS3.GT.EMSMAX)) GO TO 20 BTBP1130
v IF(ABS (DIFFMS) .LE. 1.0E-4} GD TO 1P BTIBP1140

| 17 NCOUNT=NCOUNT+1] BYBP1150

I IF(NCOUNY .GT. NCTMAX) GO TO 18 BIEP1160
o SAVE1l = EMS3 BTBP1LTO
A R13=AVGFE(R],R3) BTRP1180D
EMS13=AVGF(EMS1,EMS3) ATEP1190

1 THET13=AVGF (THET1,THFY3) BTI8P1200
o ALPHI3=ALPHAF(EMS]13,GAMMA} BTEPIZ1Q
| DIFF13=THET13-ALPHI3 BYRP1220

o P13=PCOFFF(EMS13,ALPH]3) BTBP1230

1 ) GO TO (1s6471, NSHAPE BYBP1240
L 18 P3(1) = X3 ATBP1250
¢ P3(2)=R2 BYBP1260
i P3(3)=EMS3 BYEPL1270
I
|
1
; 57
(o I
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{ APPENDIX A TWO STREAM AXISYMMETRIC BASE PRESSURE PROGRAM
j SURBROUTINE BTRPS (TSARPP-2) PAGE A-30
! P3{4}=THET3 BTBP1280
IE(NCOUNT .GT. NCTMAX) WRITE (6,180} NCOUNT, DIFFMS 8YBP1290
, 189 FORMAT(/, 5X437H *x% CONVERSENCE £RROR IN *BTRPSE, ( y13,2H 4 ATBP1300
i 1 E10+346H ) *x% /) BTBP1310
! RETURN BTBP1320
' 19  NERROR=+] BTBP1330
g RETURN RYBP1340
K 20 NERRDR=-1 8TBPL350
i WRITE (6,21) BYBP1360
H 21 FORMAT(//,23X%Xs32H »2% ERROR IN =%=BTBPS* CALC. ==% //] BYBPI3TO
! RETURN BYBP1380
j END BTBP1390
3
!}({
8
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i
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APPENDIY. 4. TWO STREAM AXISYMMETRIC BASE PRESSURE PRUGRAM
SUBROUTINE OUTBT? {TYSARPP=2}
SUBROUTINE OUTBTZ2{GAMMA,EMS],EMNL,PRID1,P34NINGOTO,NPRINT,CD)

sxxx2TH]S SUBROUTIME PRINTS THE CALCULATED BOATTAIL SURFACE DATA
AT THE LOCATION, N= NDOBPTS, IN THE BPTS(M,N) ARRAY,.

wxxVARTABLES¥%%

GAMMA = RATIO OF SPECIFIC HEATS.

EMS1 = FREESTREAM MACH STAR.

EMNI = FREESTREAM MACH NUMBCGR.

PRI0O1 = FRFESTREAM STATIC~TO-STAGNATION PRESSURE RATIO.
P3(y) = BOATTAIL BOUNDARY PQOINT DATA.

THE J SUBSCRIPT INDICATES THE FOLLUWING VARJABLES-w--
J=1 CORRESPONDS TO X,
J=2 CORRESPONDS TO R.
J=3 CORRESPONDS TO MACH STAR (EMS),
J=4 CORRESPONDS TO THETA IN RADIANS (THETA).

aisNeEsialalalaNalaloNaNealoRaRaRaNaNaNa N e Na Nl

PRMSF{EMSy GAMMA ) =(1+0~( (GAMMA-~1,0)/(GAMMA+]1,0) ) *EMS®%2) %%

1 (GAMMA/ (GAMMA-1,0))
EMNMSF(FMS,GAMMA )= SORT(((2.,0%(EMS*¥2)) /(GAMMA+1.0))/
1 (1e0--({GAMMA~]1,0C)/(GAMMA+]1.0) 1% [EMS®%2)) )

DIMENSION P3(5)
IF(NPRINT) 80,80,10
19 X=P3(1)
R=P3{2)
EMS=P3(3)
EMN=EMNMSF{EMS ,, GAMMA)
PROBOl=1.2
PRB1x= (PRMSF(EMS,GAMMA) /FR101}*PROBU]
CexdsxTHE LDCAL PRESSURE CODEFFICIENT IS CALCULATED. CP IS BASED DN
o THE FREESTREAM MACH NUMBER AND PRESSURE.
o
CP={(PRB1-1.0)/(0,5%GAMMAR{EMN]%%2})
WRITE (642)) XyRyEMN,PRB1,CP
20 FORMATU?X3F10 .54 5% 3F10.515X4FLl04545X1F10.5:9%X,F10.5)
CoxxsdkTHE BOATTAIL DRAG COEFFICIENY IS CALCULATED. €D IS REFFRENCED
C TO THE FREESTREAM PRESSURE AND MACH NUMBER CONDITIONS.
C
IF{NI=-1) 32,30,40
CewexxNITIALIZE CD CALCULATION,
30 CD=0.0
UENOM=] L S%GAMMA* (EMN] ##2 ) * (R%%2}
G0 TO 50
40  AVGPR=(0 ,5%(PRMSF(EMSL,GAMMA ) «PRMSF{EMS,GAMMA) }*PROBD1) /PR101
CO=CD+{ ([ 1.,0«-AVGPR}*(RL*%2-R%%2})) /DENOM)
50 RL=R
EMSL=EMS
GO TO (BO,B) 460}y NGOYO
60 WRITE (6,70} CD
70 FORMAT(/425Xs28H *%% DRAG COEFFICIENT, CD = FB.5,3Hs%%x , //)
80 RETURN
END

89

NI = 1y e LOCATES THE BOUNDARY POINT ON THE BDATTAIL
SURFACF .
NGOTO = 1y NORMAL BOATTAIL CALCULATION,
= 2y ITERATION FOR I-CHARACTERISYIC THROUGH (XB12+RBT21}.
= 3y CALCULATION OF 1I-CHARACTERISTIC THROUGH (XBT2¢RBT2),
NPRINT = SEE SUBROUTINE *ABTS%,.

PAGE 4-31

08T2 10
0BT2 20
0812 30
0BT2 40
0872 50
DBT2 60
0BT2 70
0BTZ 80
0BT2 90
0BT2 100
0BT2 110
0872 120
0BT2 130
0BT2 140
0BT2 150
0BT2 160
0BT2 170
08712 180
OBT2 190
08T2 200
0BT2 210
08T2 220
08T2 230
08T2 240
NBT2 250
0812 260
0BT2 770
0BT2 280
NBT2 290
OBY2 300
0BT2 310
OBTZ 320
0BTZ 330
0BT2 340
0BTZ 350
0BT2 360
OBT2 370
0BT2 380
0BT2 390
0BT2 400
0BTZ 410
0BT2 420
0BT2 430
0BT2 440
0BT2 450
0BT2 460
0BT2 470
0BTZ2 480
0BT2 450
0BT2 500
OBTZ 510
BBTZ 520
DBTZ 530

OBY2 540

0BT2 550

0BT2 560

OBT2 570

UBTZ 580

0BT2 590

DBT2 600
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TWO STREAM AXUSYMMETRIC BASE PRESSURE PROGRAM

SUBROUTINE BYITER (TSARPP-2) PAGE A-32
SUBROUTINE BTITERIXBT]XBT24P3,C110,NGOTONERRDR) BTIT 10

8717 20

CxewekSUBRDUTINE CONTROLS BOATTAIL ITERATION FOk 1-CHARACTERISTIC BTIT 30
PASSING THROUGH (XBT2,RBT?). BYIT 40

RTIT SO

*¥EVARTABLES* %% RTIY &0

BTIT 70

XBT2 = LONGTTUDINAL COORD. OF TERMINAL PDINT NOF THF BOATTATIL. BTIT 80

P3 = CURRENT BOUNDARY POINT FRUOM SUBROUTINE *BYBPSx%, BTIT 950

CIrIin = CURRENT INITIAL ITI~CHARACYERISTIC DATA POINT. BTIT 100
NGOTC = 1, BOATTAIL CALCULATION. BTIT 110

= 2y ITERATION FQR 1-CHARACTERISTIC THROUGH (XBT2,R8T2). BTIT 120

= 34 CALCULATION QF TI-CHARACTERISTIC THROUGH (XBT2,RBT2). BTIT 130

NERROR = =1, ERROR IN JTERATION, GU TO NFEXT CASE. BTIT 140

= ), BAUNDARY POINT CALCULATION D.Ka BTIT 150

= 1, BERROR IN BOUNDARY POINT CALCULATION, START ITERATION. BTIT 160

BTIY 170

B8YIT 180

DIMENSTION P3(5)y SAVEL{S)s SAVER(5), CIID(S) BTIT 190

XBT = (XpY2-x8T1} BYIT 200
Crxx#*ERROR OR ITERATION NDETECTION, BTIT 210
GO TO (10462}, NGOTO BYIT 220
TF{NERRNR) 20420550 BTIT 230
[F{XBT2~P3(1)) 50,190,390 BTIT 240
ITER=] BTIT 250

D0 40 M=1l,4 BTIT 260
SAVEL(MY=CLIIDI(M) B871T 270
REYURN BTIT 280
Coxx»x]1TERATINON SEQUENCE, BTIT 290
NGOTO=2 BTIT 300
IF{NERROR) 70,70,4110 BTIT 310
IF(ABSUIXBT2-P3(1))/XBT)=1.,0E-4) 190,190,80 BYIT 2320
{F(XBT2~-P3{1)) 110,190,90 BTIT 330
DO 100 M=1,4 BTIT 340
SAVELI{M)=CITID(M) BTIT 350
GO TO 130 BTIT 360
DO 120 M=),4 BTIT 370
SAVER(M}=C1ID(M) BTIT 380
IF(ITER~15) 160-1604140 BTIY 390
NFRROR ==} BYIY 400
WRITE (6415 BTIT 410
FORMAT( /745Xy 6TH %%x MAX, NO, [TERATIONS EXCEFDED IN SBR, BYITER, BYIT 420
1 GO 7O NEXT CASE. /7)) BYIT 430
RETURN BYIT <40
160 IF(ABS ({SAVEL{1)1~SAVER({1))}/XBT)~-1,0E-&4) 190,190,170 BYIT 450
173 ITER=]ITER+] BYIT 460
CH*xnak I NTFRVAL HALVE FOR VA{UES ON INITIAL TV-CHARACTERISTIC. BTIT %70
DD 180 M=1,4 BTIT 4B0
180 ClIDIMYI=0,5%(SAVEL(MI+SAVER(M}) BTIT 490
RETUKN BTIT 500
Cx&»uxSOLUTION FOUND, ATV 510
190 NGOTO=3 B8TIT 520
RETURN BYIY 530
END BTIT 540
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APPENDIX A TW(Q STREAM AXISYMMETRIC BASE PRESSURE PROGRAM

SUBROUTINE UFLOC (TSARPP-2) PAGE A~-33
SUBROUTINE UFLOC(GAMMA,EMS ¢ XC+HC yN1s CHAR¢NFLOW) UFLD 10

o UELD 20
Cexex&THIS SURRNUTINE SUBDIVIDES THE INIYIAL FAMILY 1] CHARACTERISTIC UFLO 30
C AND CALCULATES THE INPUT DATA FOR POINTS ON THIS CHARACTERISTIC UFLD 40
C FOR UNIFORM FLOW. UFLO 50
C UFLD 60
C wauVART ABLES= %% UFLD 70
C UFLO 80
C GAMMA = RATIO OF THE SPECIFIC HEATS. UrFto 90
C EMS = APPROACH MACH STAR. UFLO 160
C xC = LONGITUDINAL COORDINATE WHERE EXPANSINN IS CENTERED. UFLO 110
C RC = RADIAL CONRDINATE WHERE EXPANSION 1S CENTFRED. UFLOD 120
C NZGATIVE FOR INTERNAL FLOW AND POSITIVF FOR EXTERNAL FLOWL.UFLO 130
c N1 = NUMBER OF [NCREMENYS OF INITIAL CHAR. {(MAX. 1§ 29) UFLO 140
C CHAR = INITIAL CHARACTERISTIC DATA ARRAY. UFLD 150
C MFLOW = 1, INTERNAL FLOW, UFLO 160
c = 2y EXTERNAL FLOW. UFLD 170
c UFLO 180
C UFLO 190
EMNMSF(EMS ¢ GAMMA ) =SOQRT [ ((2.0%(EMS*%2) )/ (GAMMA+]1.GT )/ UFLD 200
{(1e0-( (GAMMA~]1,0)/(GAMMA®L,0) )% (EMS®%2)) 1} UFLD 210

DIMENSION CHAR(5,430! UFLO 220

GO TO (10,20), NFLOW UFLD 230
Cx*¥#%F0R INTERNAL FLOW. UFLD 240
10 N1=15 UFLD 250
FN1=N1 - UFLO 260
DR=ABS (RC1/FN1 UFLD 270

GO0 TO 30 UFLO 280
Cx»*2xFOR EXTERNAL FLOW. UFLD 290
20 DR=D.,03%ABS (RC) UFLO 300
30 UOX=DR®SQRT{{EMNMSF(EMS,GAMMA) ) %%2-1,0) UFLO 310
HUPTS=Nl+1 UFLD 320

DO 40 N=1,NPTS UFLO 330
FN=N-~1 UFLO 340

CHAR (14N} = XC + FNX*DX UFLO 350

CHAR (24N} = RC + FN*DR UFLO 360

CHAR (3,N) = EMS UFLD 370

40 CHAR (4,N) = 0.0 UFLO 380
RETURN UFLO 3%0

END UFLO 400
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APPENDIX A TWO STREAM AXISYMMEYRIC BASE PRESSURE PROGRAM

SURRBUYINE CNFLOG (TSARPP~2) PAGE A-34
SUBROUTINE CNFLOC (GAMMA,EMS3BETA,XCyRCyN1) CNFL 10

o CNFL 20
Cx*dxxFOR INTERNAL CONICAL FLOW, YHIS SUBROUTINE SUBDIVIDES THE CNFL 30
< NON-CHARACTERISTIC UNIFORM FLOW CURVE THROUGH THE POINT (XCsRC) CNFL 40
c ANO THEN CALCULATES THE INPUT DATA ALONG THE FAMILY 11 CNFL 50
C CHARACTFRISTIC WHICH ORIGINATES AT THIS POINT., LML 60
C CNFL 70
o SUBROUT INE REQUIRES---FPS,APS, CNFL  BO
C CNFL 90
C *xkYAR] ABLES s k% CNFL 300
C CNFL 110
C GAMMA = RATIO OF YHE SPECIFJC HMEATS. CNFL 120
C EMS 1« APPROACH MACH STAR, CNFL 130
C BETA = FLOW ANGLE, NEGATIVF, (IN RADIANS), AT (XC,sRC). CNFL 140
C XC = LONGITUDINAL COURDINATE WHERE EXPANSION IS CENTERED. CNFL 150
o RC = RADIAL CODRDINATE WHMERE EXPANSION IS CENTERED. CNFL 160
C N1 = NUMBER OF INCREMENTS OF INITI1AL CHAR,., {MAX. 1S5 29) CNFL 170
C CNFL{ 180
C CNFL 190
OIMENSION PMB(100+%5,2)y CHARI(5,30)y CHARE(5,30), PLU5}, P2(5), CNFL 200

1 P3(5) CNFL 210
COMMON PMB, CHARI, (HARE, P1, P2, P3 CNFL 220

o} CNFL 230
RCONE=RC/SIN {BETAY CNFL 240
C#»#xxSUBDIVISION OF THE NON~CHARACTERISTIC CURVE INTO N2 INCREMENIS. CNFL 250
C IN1=2%N2)1. TO CHANGE THE NUMBER 0OF INCREMENTS CHANGE ONLY N2. CNFL 260
c (MAXIMUM N2 IS5 4}, CNFL 270
C CNFL 280
N2=10 CNFL 290
FN2=N2 CNFL 300
Ni=2%N2 CNFL 310
CxoxkaSTORE IMITIAL DATA POINT, CNEL 320
PMB{1l,y1,1)=X( CNFL' 330
PMB(iy2411=RC CNFL 340
PMB(143,y1)=EMS CNEL 350
PMB(144,11=BETA CNFL 360

DO 10 M=1,4 CNFL 370

10 CHARI(M,11=sPMBR{1,M1])} CNFL 380
CHeexeTHE FLOW FIFLD CALCULATIONS ARE NOW MADE ALONG "FAMILY | CNFL 390
c CHARACTFRISTICS STARTING FROM THE POINTS ON THE SUBDIVIDED CNFL 400
. NON-CHARACTERISTICS CURVE. THIS SEQUENCE [S NOT APPLICABLE FOR CNFL 410
C CALCULATIONS INVOLVING OTHER THAM THE FIRST AXIS POINT, CNFL 420
CutnmxTHE CALCULATED FLOW FIELD DATA FOR THE (N1+1) POINTS ON THE CNFL 430
C FAMILY T1 CHARACTERISTIC ORIGINATING AT (XC,RCY! WILL BF STORED AT CNRL 440
C CHARI (M,N}, WHERE N=1,Nl+1. CNFL 450
C CNFL 460
DO 40 N=1,N2 CNFL 470
Cxue¥¥CALCULATE DATA ON THE NON-CHARACYFRISTIC INPUY CURVE,. CNFL 4BO
ENsN : CNEL 490
ANGLER=RETA®{1.0-FN/FN2) CNFL =00
PHOINSL; 1:2)=XCHRCOMES{COS(ANGLERI=-COSIBETA)) CNFL 510
PMBINAL+2,2)1=RCY ExSINCANGLER Y CNEL 520
PMBIN+1y3y2)=FMS ChFL 530
PMBIN+1,452)=ANGLER CNFL 540
KPTS=N+] CNFL 550

PO 20 I=sl,N CNEL 560
LeN=-T+1 CNFL 370
Cr¥s%xx(0AD DATA/ CALCULATE FIELD POINT/ STORE DATA. CNFL 580
CALL MCDATA{LyL+1,LsL3,KETS) CNFL 560

CALL FPS{GAMMA,P1,P2,P3,NFRROR] CNFRL 600

CALL MCDATALZ,L1,L2+L KPTS) CNFL 610

20  CONTINUF CNFYL £50
Cr#2xSYORt INYT]IAL CHARACTERISTICS NDATA. CNFL 630
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APPENDIX A TW STREAM AXISYMMETRIC BASE PRESSURE PROGRAM
SURRGUTINE CNFLOC (TSARPP-2)

DO 30 M=1,4
30 CHART (Myfl+11=PMB(14My2)
CxntxuSHIFT MFYHOD OF CHARACTERISTICS DATA.
CALL MCDATA(3,L1sL24L3,KPTS)
43  CONTINUF
Ce=*nxTHE CALCULATINN SEQUENCE 1S NOW MOUDIFIED FOR SUBSFQUENT AXIS

C AND FIELD POIRT CALCULATIONS.,
C

DO 90 N=1,4N2

NI =NZ+N

L=Nz+1-N

Cee*xul (JAD DATA/ CALCULATE FIELD POINT/ STORE DATA.
CALL MCDATAIIsLyoLoL3+KPTS)
CALL APS {(GAMMA,P2,P3,NERROR)
CALL MCDATA(Z2:L1yL2eL,KPTS)
IF(N1=NI) 70,70,50
50 NII=L-1
Lil=L
NO 60 I=1,NII
Cxs%%%L0AD DATA/ CALCULATE FIELD POINT/ STORE DATA.
CALL MCDATA{1sLITsLIT=1,L3,%PTS)
CALL FPS{GAMMA,P1,P24P3yNERRDR)
CALL MCDATA(24L19L2oLII=14KPTS)
60 LIT=tII-1
Cxx»4xSTORE INITIAL CHARACTERISTICS DATA.
70 DO B0 M=1,4
8 CHARI(M,NI+])=PMB(]1,M,2)
ChexeuSHIFT METHOD OF CHARACTERISTICS ODATA.
CALL MCNATA(34L1eL2yL3yL)
90 CONTINUF
RETURN
END
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TWO STYREAM AYISYMMETRIC BASE PRESSURE PROGRAM

APPENDIX A.
(15A8PP~2}

SUBROUTINE PMSBR

SUBROUTINE PMSBR{GAMMA,EMSTAR,PRATIO,BETAZXCyRCyK)

[o

CersxaaTHIS SURROUTINE SURDIVIDES THE INITIAL PRANDTL-MEYER EXPANSTION
c (WAVES OF FAMILY 113 INTO APPROXIMATELY 1 DEGRFE INCREMENTS.

C YNPUT DATA 1S THEN CALCULATED FOR THE MFTHOD OF CHARACYFRISTICS
C NET AT THE POINT WHERE THE EXPANSION 1S CENTERED.

C

C SUBROUTTINE REQUIRES-~~FMSPM,

C

[o x5 VARTABLES %%

C

C GAMMA = RATIN 0O0F SPECIFIC HEATS.

C EMSTAR = APPROACH MACH STAR.

C PRATIO = EXPANSION PRESSURE RATIO (P/PQ).

C BETA = INITIAL FLOW ANGLE IN RADIANS.

[ XC = LONGITUDINAL COORDINATE WHERE EXPANSINOIN YS CENTERED.
C RC = RADIAL COURDINATE WHERE EXPANSION IS CENTERFD.

C K = NUMBER 0OF INCREMENTS OF THE TURNING ANGLF.

C PHR = A 3-DIMENSIONAL ARRAY, PMB(L.MsN)y, OF DATA FDR THE

C METHND DF CHARACTERISTILS NET. THE SURSCRIPTS L:MyN
c HAVE THE FOLLOWING RANGES AND MEANINGS-~-

C L=1¢K-~1 AND CORRESPONDS TU THE L=TH POINT OF THE

C SUBDIVIDFD PRANDTL-MEYER EXPANSION,

[ M=1 CORRESPONDS TO X, .

C M=2 CORRESPUONDS TO R,

4 M=3 CORRESPINDS TU MACH STAR (EMS).,

C M=4 CORRFSPONDS TO THETA IN RADIANS (THEYA),

[% N=1,2 CURRESPONDS TO THE PREVINUS OR CURRENT [-CHAR,
c LeN=1 AY POINY WHERE THE INITIAL FLOW COMDITIONS ARE
c SPECIFIED AND THE P«M EXPANSION IS CENTERED.

C

C

OMEGAF{ A BI=SORT((B+1.0)/{B~1.0)}*ATAN (SQORT({A%**7~1.01/

1 (IB+122)/(B=~1,0)~A%%2)))~-ATAN (SORT({{B+1,0}/(B~1.0)}*

2 (LA¥82-1.3)/(1B+1.0)/({B-1.0)~-A®%2))1)
FMSPRF(A,B81=SQART{((B+1.,0}¥/(RB-1,0)1I*(1,0-a"e((B=-1,0)/8)31
DIMFNSTON PMA(10045,2)y CHARI(5,30), CHAPF(5,30), P1(5)y P2{5),

1 PALS)

COMMON PMB, CMAR]; CHARE, P1, P2, P3

EMS1xEMST AR
EMS2=EMSPRE(PRATID,GAMMA)
CxeexsFOR WAVES OF FAMILY 11.
ANGLER=-(DMEGAF[EMS2,GAMMAY ~ OMEGAF(EMS],GAMMAY)
IF (ANGLFRI1D 410,20
1) K={ABRS (S5T.2957R=ANGLFR)+]10)

GO 03 30
22 K =}
30 FK=K

DELTA=ANGLER /FK
CreewsKNOWN INITIAL INPUT DATA FOR PMB ARRAY,
PMBL]sly1)=XC
PMBI{142y1)=RC
PMB( 143, 11=FMS1
PMBl1y4y)1)=BETA
CHoe%22CALCULAYTION OF ARRAY DATA FOR POINTS L=1,K41 AND N=l.
OC 1 Lala.K
PHBIL+1,1,1)=PMB{L,1,1)
PMBIL+142+1)1=PMB(Ls241)
PMA(L+1¢e4s1)5PMRIL,4,1) 4+ DFLTA
1 PHE(L+)1+3,1)=FMSPMICMSL,PMBLY 4, 1), PHMBLL+1,4,]1),GAMMA)
R £ TURA
END
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APPENDIX A, TWO STREAM AXTSYMMETRIC BASFE PRESSURE PROGRAM
FUNCTIUN EMSPM (TSARPP-2)

FUNCTION FMSPM{EMSTAR,THFTA],THFTAZ,,GAMMA)

THE SIGN CONVENTION FOR ANGLES IS CW(-1 AND CCW(+),

[o

CxeuxxTH]S FUNCTION CALCULATES THF FINAL MACH STAR AFTER A

C PRANDTL-MEYER FXPANSION AR COMPRESSINN GIVEN INTTIAL Mx
C AND THE TURNING ANCLE IN RADIANS.

C

C %% VARTABLES %#+%

C

C EMSPM = FINAL MACH STAR AFTER THE TURN OF {(THFETAZ - THFTAl}.
[« EMSTAR = APPRDACH MACH STAR.

C THETAL1 = APPR(ACH FLOW ANGLF (IN RADTANS),

c THETA? = FINAL FLOW ANGLF (TN RAUIANS),

C GAMMA = RATIO OF SPECIFIC HEATS.

C

C

C

C

OMEGAF(AyB)=  SORY((B+140)/(B=1.011*ATAN ( SORT({(A%%2-1,0)/
1 ((B+1,0)/(B=1,0)-2%%2)}}=~ATAN ( SORT({{(B+1.0)/(R~1.0))*
2 ({A%%2-1,0)/7{(B+1.0)7(B-1.0)-4%%2))1))
CeexxeSET INITIAL VALUES.
HIT =9
NITMAX = 23
NTYPE=1
Ce*+%=#NTYPE=1, INTERVAL HALVE. NTYPt=2, INTFRPOLATE.
RATIN=).5
ANGLE=(THETA2-THETAL}
IF{ANGLF) 20,420,10
Ce#xx¥FOR A REVFRSIBLE COMPRESSION,
10 EMSN=1,0
OMEGAN=0 .0
EMSP=EMSTAR
GO 70O 30
CxzxxspFOR A RFEVERSTIRLF EXPANSTON.
20 EMSN=EMSTAR
OMEGAN=OMEGAF{FMSN, GAMMA)
EMSP=s  SQORT((GAMMA+1.0)/{GAMMA-1.01}}
Cxxx%%xEVALUATF OMFGA FUNCTION FOR CONDITION *2%,
30 OMEGA2=(OMEGAF (EMSTARyGAMMA) - ANGLE )
C=rwx4OES YHF SOLUTION EXIST.
IF(OMEGA2) 40,60,70
40 WRITE (6452)
50 FORMAT({//+10X,25H %% ERR(R IN —EMSPM- %®2% /)
RETURN
60 EMSPM=],.0
RETURN
Cxxd o= INITIALLY INTERVAL HALVE AND THEN INTFRPOLATE.
70 NIT = NIT + 1
{FINIT «GT« NITMAX) GO YO 140
EMNST=EMSN+RATIO* (EMSP~EMSN)
OMEGAT=0OMEGAF{ EM5T ,GAMMA}
DIFFO= {OMEGAT-OMEGAZ) /OMEGAZ
IF(ABS (DIFFO)~1.0E~4} 140,140,80
80 IF(DIFF() 90,140,100
90 EMSN=EMST
DOMEGAN=OMEGAT
GO TG 110
107 EMSP=EMST
OMEGAP=NMEGAT
NTYPE=2
110 DIFFMS = (EMSP-EMSN) /EMSN
1F(ABS{DIFFMS) - 1.,0E~4) 160,140,120
123 GO TO (704132} NTYPE
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APPENDIX A,
FUNCTION EMSPM (TSABPP-2) PAGE A-3B
Cr2axxINTFRPCLATE FOR THE SOLUTINN, EMSP 640
1320 RATIOD=(NMEGA2~0OMEGAN) /{DMEGAP~OMEGAN) EMSP 650
GO Y0 70 EMSP 660
Cxe%xxsS0LUTION FOUND, EMSP $70
140 EMSPM=EMST EMSP &80
IFINIT LGT. NITMAX) WRITE (6,150) NIT,DIFFO EMSP 690
150 FORMAT(/,5X,34H *xX*CONVERGENCEF ERROR IN EMSPM, { 4 13, 2H , EMSP 700
1 Ei0 43y 6H ) =xx /) EMSP 710
RETURN EMSP 720
END EMSP 730

96
——pwv

e

- i



[

DA

APPENDIX 4. TWO STREAM AXISYMMETRIC BASE PRESSURE PROGRAM
SURROUTINE QUTEDY (TSABPP-2)

SUBROUTINE ODUTBDY({NyNPRINT,BPTS])

C
Cx=#xxSURROUTINE PRINTS THE CURRENY CALCULATED BOUNDARY POINT DATA,

C
o **EVARIABLES**x%
c
c N = NUMBER OF CURRENT BOUNDARY POINT,
C NPRINT = -1 0OR 0y C.PsB. DATA NOT PRINTED,
C +1ly CoePsBe DATA PRINTED.
C BPTS(M,N) = CURRENT BOUNDARY DAaTA.
c M=1 CORRESPONDS TO X.
C M=2 CORRESPONDS TO R,
C M=3 CORRESPONDS TO MACH STAR (EMS),
C M=4 CORRESPONDS TO THETA IN RADIANS (THETA).
C
C
DIMENSION B8PTS(5,30)
c
TFI{NPRINT) 24241
1 X=BPTS{1+N)
R=BPTSL2,N)
THETA=57.29578%BPTS{44N)
C
WRITE (6410) Xy Ry THETA
10 FORMAT(F15.6y F29+6s F30.6)
¢ -
2 RETURN
END
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{ APPENDIX A. TWO STREAM AXTSYMMETRIC BASE PRESSURE PROGRAM
} SUBROUTINE MCDATA (TSARPP-2) PAGE A-40
i CUBROUTINE MCPATA{NOPsLLsL24L34KPTS) MCDA 10
f [+ MCOR 20
g Cas#»4SUBROUTINE LOADS, STORES: OR SHIFTS MZDA 30
; c METHOD NF CHARACTERISTICS DATA. MCDA 40
| C MCDA 50
o o NOP = 1, LOADS PMB DATA IN Pl.P2. MCDA 60
! c = 2, STORES P3 DATA IN PMB,. MCDA 70
! C = 3, SHIFTS PMB DATA FROM [-2 TO I-1. MCDA 8O
| C MCDA 90
H c MCDA 100
@ﬁ DIMENSIAN PMB(10Gy5,2) s CHARI(5,301, CHARE (54301, P115), P215}, MCDA 110
A 1 P3(5) MCDA 120
i COMMON PMB, CHARIy CHARE, P1y P2y ®3 MCDA 130
oo o MCDA 140
& GO TO (10430,5G), NOP MCDA 150
o c MCDA 160
! 10 DO 20 M=l4 MCDA 170
- PLIMISPMR(L] My 2) MCDA 180
| 20 P2(MI=PMB(L2yM,1] MCD2 190
i RETURN MCDA 200
i C MCNA 210
a 30 DO 40 M=1,4 MCOA 220
: &0 PMBIL3, M, 2)=P3(M) MCDA 230
} RETURN MCDA 240
i c MCDA 250
- 50 DO 70 K1i=1,KPTS MCDA 260
: N0 &0 M=1,4 MCDA 270
N 60 PMB(KII,My 1)=PMBIKIT M, 2} MCDA 280
T 70 CONTINUF MCDA 290
| RETURN MCDA 300
o C MCDA 310
i END MCDA 329
!
|
i
|
1
{
|
R
3
4
| |
gy
i
|
.
i
{
" 1
|
| !
{ |
|
} |
s
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APPENDIX A. TWO STREAM AXISYMMETRIC BASE PRESSURE PROGRAM
SURRCUTINE FPS {TSABPP-21

SUBROUTINE FPS{GAMMA4PL P2 P3yNERROR)
C
Cr2exxAXTSYMMETRIC FIELD POINT SURROUTINE (FPS)

¥RAVARTABLESH**

GAMMA = RATIOD OF SPECIFIC HEATS.
PI(J) = J-TH FLOW VARIABLE AT THE POINT I WHMERE 1=1,2,0R 3,
PL(J) AND P2(J)yJ=ly% = FLDOW VARTABLES AT KNOWN POINTS 1 AND 2.
P3(JtyJd=1y% = FLOW VARTABLES AT THE UNKNOWN POINT 3.
THE J SUBSCRIPT INDICATES THF FOLLUWING VARIABLES-~--

J=1 CORRESPONDS YO X.

J=2 CURRESPONDS Y0 R.

J=3 CORRESPONDS TO MACH STAR (EMS}).

J=4 CORRESPONDS TO THETA IN RADIANS (THET).
NERROR = -1, ERROR IN CALCULATION.

= ), CALCULATION O.K.

POINTS 1 AND 3 ARE ASSUMED CONNFECTED BY FAMILY l.
POINTS 2 AND 3 ARE ASSUMED CONNECTED B8Y FAMILY 1.

OO0 OOTO0NON0OANA0N

ALPHAF (EMSTAR +GAMMA) =ATAN (SQRT{ (140 - ((GAMMA-1.0}/(GAMMA+1.0))
1 $(EMSTAR®**2) ) /(EMSTAR*%2~1,01)})
AVGF(A,B) = (A + 81/2.0
PCOEFF({EMSTAR + ALPHA)>EMSTAR*TAN {ALPHA)
QCOEFFINPOINT yRADIUS EMSTAR, THETA, ALPHA) = { (EMSTAR/RADIUS) %
1 (TAN (ALPHA)I*=2)%TAN (THETA)}/(TAN (THETA} + ((-1.,0)%*NPOINT =
2 TAN {ALPHA))
HQCOEF (RADIUS,EMSTARy THETAZALPHA)= ({EMSTAR/RADIUS)I*TAN (ALPHAIX
i SIN (ALPHA}*SIN (THETA})
ChawsNPOINT IN OQCOEFF(} INDICATES THE KNOWN POINT BEING USED--1 OR 2
DIMENSION P1{5)y P215}, P3{(5)
C¥»xx*ERROR FLAG 3E1.,
NCOUNT =0
NCTMAX=15
NERROR =0
EMSMAX=SQ1T ({GAMMA+1,0)/(GAMMA-1,0))
C*exesKNOWN INPUT DATA FROM POINTS 1 AND 2.
X1=P1{1}
Rl=P1L12;
EMS1=P1{3)
THET1=P1(%)

X2=P2(1)
R2=P2(Q)
EMS2=P2(3}
THET2=P2{4)

PAGE

FPS
FPS
EPS
£pS
FPS
FPS
EpS
FPS
FPS
£pS
FPS
FPS
FPS
FPS
FPS
£PS
FPS
FPS
£PS
FPS
£pPS
£PS
£PS
FES
FPS
£pS
FPS
FPS
FPS
EPS
£pS

«FPS
FPS
FPS
FPS
FPS
FPS
FPS
FPS
FPS
FPS
FPS
FPS
FPS
FPS
FPS
FPS
FPS

Cex»#%xFOR INITIAL ESTIMATE OF AVERAGE VALUES BETWEEN POINTS 1~3 AND 2-3.FPS

R3=AVGF(R1yR2)
EMSA=AVGF{ EMS]1,EMS2)
THET3=AVGF(THET1,THET2)

60 T0 11
Cr=xxx ] TERATION FOR VARIABLES AT POINT 3.
1 X3=(R2 - R1 + X1*YAN (DIFF13) - XZ2*TAN (SUM23})/

1 {TAN (DIFF13) ~ TAN (SUM23})
R3=(R]1 + (X3 -~ X1)*TAN (DIFF13))
Cxx**=TEST AND EVALUETION FOR HORIZONTAL I OR 11 CHARACTERISTICS.
IF({ABS (DIFF13,-1.0E-3) 2,2,3
C**%4%FOR 1 HORIZONTAL.
¢ PRODI3=HQCOEF (R134,EMS13,THET13,ALPH1I3)*(X3~X1)
G0 TO &
3 PROD13=0COEFF(1,R13,EMSI3,THET13,ALPHI3)*(R3-R]1)

939
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130
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240
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APPENDIX A, TWO STREAM AXTSYMMETKIC BASE PRESSURE PROGRAM

loc

! SUBROUTINE FPS (TSABPP-2) PAGE A~42
(
[ 4 IF(ABS (SUM231-1.0E-3) 5,5,6 FPS &40
Cxs3%=FOR 11 HORTZONTAL, FPS 650
{ S  PROD23=HQCUOEE {R23,EMS23,THET23,ALPH231%(X3-X2) FPS 660
) GO YO 7 FPS 670
| 6 PROD23=0COEFF(2,R23,EMS23,THET23, ALPH23} ¥(R3-R2) EPS 680
i Cxéw»%CALCULATION OF FLOW VARIABLES AT POINT 3. FPS 690
} 7 THET3=(P13#THET1 + P23%THET? + PROD13 - PROD23 + EMS1 — EMS2)/ FPS 700
: {(P13+P23) FPS 710
: EMS3=EMS] - P13%{THET3~THETL) + PROD13 EPS 720
; DIFFMS = (EMS3-SAVE1)/SAVE] FPS 730
I IF{{EMS3.LTo1.0) .OR. [EMST.GT.EMSMAX)) GO TO 13 EPS 740
- 1FLABS (DIFFMS) .LE. 1.0E=~4} GO TO 12 FPS 750
c FPS 760
: 11 NCOUNT=NCOUNT+1 FPS 770
i 1F(NCOUNTLGT.NCTMAX) GO TD 12 FPS 780
| SAVEl = EMS3 FPS 750
l R13=AVGF(R1,R3) EPS 800
i R23=AVGF(R2,R3) FPS 810
; EMS13cAVGF (EMS1,EMS3) FPS 820
e EMS23=AVGF (EMS2,EMS3) FPS 830
; THET13=AVGF (THET 1y THET3) FPS 840
= THET23=2AVGF (THET2, THET3) £PS  B50
; ALPHI13=ALPHAF{EMS13,GAMMA) EPS  B60
; ALPH23xALPHAF (EMS23 GAMMA} FPS 870
; P13=PCOEFF (EMS13,ALPH13) . FPS 880
( P23=PCOEFF(EMS23,ALPH23) FPS 8§90
! DIFF13=THET13-ALPH13 FPS 90
i SUM23=THET23+ALPH23 FPS 910
[ Gh 10 1 FPS 920
: c FPS 930
; 12 P3(1) = X3 FP5 940
L P3(2)=R3 FPS 950
‘ P3(3)2EMS] FPS 960
l P3{&)=THET3 FPS 970
: IF{NCOUNT .GT. NCTMAX) WRITE {64120) NCOUNT,DIFEMS FPS 980
: 120 FORMATI/, 5Xs35H 2%% CONVERGENCE ERROR IN #FPS%, [ ,13,2H ,» , FPS  $90
: 1 E10.346H § s%% /) . FPS 1000
J! RETURN FPS 1010
, c &PS 1020
/| 13 NERROR=-1 FPS 1030
i WRITE (&,14) £PS 1040
! 14 FORMAT(//,23X+29% #%¢ ERROR IN *FPS* CALC. *5%  //7) EPS 1050
K RETURN EPS 1060
; END FPS 1070
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APPENDIX A, TWO STRFAM AXISYMMETRIC BASE PRESSURE PRNGRAM
SUBROUTINE APS {YSABPP-2) PAGE
SUBROUTINE APS (GAMMA,P2,P3,NERRNR) APS
C APS
CHerre AXISYMMETRIC AXIS POINT SUBRUUTINE (APS) APS
C APS
C FOR THIS SUBRRNUTINE, THE UNKNOWN POINT 3 IS ON THF AXIS. APS
C THE KNOWN POINT 2 AND THF UNKNOWN POINT 3 ARE ALNNG FAMILY 1. APS
C APS
C #ExVARIABLES %4 APS
C APS
C GAMMA = RATIN 0OF SPECIFIC HEATS. APS
C PI(J) = J~TH FLOW VARJABLE AT THE POINT I WHERF I=1,240RR 3, APS
C P2(JYeJd=1y4 = FLOW VARIABLES AT KNOWN POINT 2. APS
C P3(Jled=1ly94 = FLOW VARTJTABLES AT THE UNKNOWN POINT 3, APS
C THE J SURSCRIPT INDICATES THE FOLLOWING VARIARLES-~- APS
C J=1 CORRESPONDS 10 X. APS
C J=2 CORRESPONDS TO R. APRS
C J=3 CORRESPONDS TO MACH STAR (EMS). APS
c J=4 CUORRESPONDS TO THETA IN RADIANS (THET). APS
C NERROR = -1y ERROR IN CALCULATION. APS
c = Dy CALCULATION O.K. APS
o APS
c APS
ALPHAF (FMSTAR ;GAMMA)=ATAN (SORT({1.0 ~ ((GAMMA-1.0)/(GAMMA+]1,.01}) APS
1 ®[EMSTAR®*2)} ) /(EMSTARX*%2=1,011) APS
AVGF{A,R) = (A + B)/2.0 APS
PCOEFF(EMSTAR,ALPHA ) =EMSTARSTAN (ALPHA) AP3S
QCOEFF(NPOINT ;RADIUS yEMSTARyTHETA ALPHA)=( (EMSTAR/RADIUS )% APS
1 {TAN (ALPHA)»%2)2TAN (THFTA))}/(TAN (THETA) + ({-1,0)*=NPOINT}* APS
2 TAN (ALPHA)) APS
C*%xx#NPOINT IN QCNEFF() 1INDICATES THE KNOWN POINT BEING USED-~-1 OR 2.4APS
DIMENSION P2(5), P3(5) APS
Cx=x*¥fFRROR FLAG SETe APS
NCOUNT = O APS
NCTMAX®]5 APS
NERROR=0 APS
EMSMAX=SORY ({GAMMA+1.0)/(GAMMA-1,0)) APS
Cxxx¥xKNOWN INPUT DATA FOR POINTS 2 AND 3, APS
X2=pP2(1) APS
R2=P2(2) APS
EMS2=P2(3) aPs
THET2=P2( &) APS
R3%0 .0 APS
THET3=3,0 APS
Cx*uxaF0OR INITIAL ESTIMATE 0OF AVERAGE VALUES BETWEEN POINTS 2 AND 3. APS
FMS3=EMS2 APS
R23=AVGF{R2,R3) APS
THET23=AVGFITHET2,THEY3) APS
GO YD 5 APS
Cxsxx*x ] TERATION FOR VARIABLES AT POINT 3. APS
1 X3=X2 = (R2/TAN (SUM23)) APS
EMS3=EMS2 = P23%THET2 -~ Q23%*R?2 APS
NIFFMS = (EMS2~SAVE]l)/SAVFI1 APS
IFI(LEMS3.LTe140) JOR, (EMS3.GT.EMSMAX)) GO TN 7 APS
IFIARS{DIFFMS) .LE, 1.0t-4]) GO TD 6 APS
o APS
5 NCOUNT=NCOUNT+1 APS
IF(NCOUNT .CTNCTMAX) GO TO 6 aAPS
SAVE]l=EMS3 APS
EMS23=AVGF{EMS2,EMS53) APS
ALPHZ3zALPHAFIEMS23,GAMMA) APS
SUMZ3=THETZ23+ALPH23 APS
P23=PCUOFFFIFMS234LLPH23) APS
Q23=0COFFF(2,R23,,FEMS23,THFT23,ALPHZ3) APS
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APPENDIX AL TWO STREAM AXISYMMETRIC BASE PRESSURE PROGRAM
! SUBROUTINE ADPS (TSARPP-2) PAGE A-44
;
} GO TO 1 APS 640
: c APS 650
{ 6 P3(1})=X3 APS 650
{ P3{2)=R3 APS 670
' PA{3)=EMS53 APS 680
P3(4)=THET] APS 690
) TF(NCOUNT oGTo NCTMAX) WRITE (5,601 NCOUNT,DIEFMS APS 700
4 63 FORMAT(/, 5Xy35H *%% CONVFRGENCE ERROR IN #APS2, ( 413,2H 4 ARS 7LD
{ 1 E10.3,6H ) %¢% /) APS 770
| RETURN APS 730
| C APS 740
: 7 NERARUR=-1 APS 750
! WRITE {&,R) APS 760
} 8 FORMAT(//,23X,29H %% ERROR IN #APS# CALC. *%%  //) APS 770
RETURN APy TRQ
.w END APS 790
.
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APPENDIX A TWO STREAM AXISYMMETRI(C BASE PRESSURE PROGRAM

SUBROUTINF CPRS (TSABPP=-2)
SUBROUTINE CPRS(GAMMA, P1,y, P2, P3, NFERROR)

C

ConukxnAX]SYMMETRIC CONSTANT PRESSURE BOUNDARY SUBROQUTINE (CPRSY)
POINTS 2 AND 3 ARE (ON THE SAME CONSTANT PRESSURF BOUNDARY,
POINTS 1 AND 3 ARE ASSUMED CONNFCTED BY FAMILY 1.
earVARTABLES:®%
GAMMA = RATIN DF SPECIFIC HEATS.
PI(JY = J=TH FLUW VARIABLE AT THE POINT [ WHFRE 1=1,240R 3,

P1CJY AND P2{J),yd=144 = FLUW VARIABLES AT KNUWN POINTS 1 AND 2.
P3I(Jled=1le4 = FLOW VARIABLES AT THE UNKNOWN POINT 3.
THE J SUBSCRIPT INDICATES THF FOLLOWING VARIARLES-—~~

J=1 CORRESPONDS TO X.

J=2 CORRESPDONDS TO R.

J=3 CORRESPONDS TO MACH STAR (EMS),

J=4 CORRESPONDS TD THETA IN RANDIANS (THET),.
NERROR = -1, ERRUOR IN CALCULATION,

= 0y CALCULATION D.K.

[sXaXak2kakalalnkaXalskalakiXsEaRaKala!

ALPHAFLEMSTAR,GAMMA)=ATAN (SQRT({(1s0 = ((GAMMA-1.0)}/{(GAMMA+]1.0)}))
1 *[EMSTAR®%2) )}/ (EMSTAR®%2~1.01))
AVGF(AYB) = (A 4+ B)/2.0
PCOEFF{FMSTAR yALPHA)=EMSTAR=TAN (ALPHA)
HQCOEF (RADIUSyEMSTARZTHETAyALPHA)=((EMSTAR/RADIUS)Y=TAN {ALFPHA)*
1 SIN (ALPHA}*STIN {(THETA))
QCOEFF(NPOINT RADIUSyFMSTAR, THET A, ALPHA)= ( (EMSTAR/RANDIUS ) =
1 (TAN {ALPHA)**2)%TAN (THETA)I) S(TAN {(THETA) + {({-1.0)%=NPOINT)®
2 TAN (ALPHAY)
Cox®seNPOINT IN QCOEFF()  INDICAYES THE KNOWN POINT BEING USED~-1 OR 2
DIMENSION Pi(S)y P2(S), P3I(K]}
Ce*x»*ERROR FLAG SET.
NCOUNT=)
NCTMAX=15
NERROR =)
CoxasxxKNOWN INPUT DATA FROM POINTS 1 AND 2,
X1=P1(1)
R1=P1(2)
EMS1=P1(3)
THETI=P1(4&)

X2=P2(1)
R2=P2(2)
EMS2=B2{3)
THETZ=P2(4)
C*%x¥%FOR INITIAL ESTIMATE OF AVERAGE VALUES BETWEEN POINTS 1-3 AND 2-3
R3=AVGF{R14R2)
THET3+AVGF(THET1,THET2)
Cx*hx%SINCE POINTS 2 AND 3 ARE DN THE SAMF CONSTANT PRESSURE BOUNDARY,
EMS30EMS2
EMS13=AVGT {EMS], EM53)
ALPH13=ALPHAF(EMS13, GAMMA)
P13=PCOFFFLEMS13,ALPH]3}
GO YO 6
C**4x2]TERAYION FOR VARIARLES AT POINT 3.
1 X3*=(R1 - R2 + X22TAN (THEY23) - X1sTAN (DIFF13))/
1 (TAN {THET23) - YAN (DIFF13))
R3=(R]1 + (X3 - X1)#TAN (DIFF13))
SIGN = R3I®SAVE]
Cowsreeifr SIGN IS NEGATIVE OR 2ERQO, AN ERROR HAS OCCURRED.
IF(SIGN) B,8.2
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PAGE A-45

cPBS
cpPas
CPBsS
CPBS
CPBS
cPBS
CPBS
CPBS
CPBS
cpes
CPBS
cPBS
cPBS
cPBS
£eBs
cPBs
cPBS
CPBS
LPBS
cPBS
CPBS
CPBS
cPBS
cPes
cPBS
cPBs
LeBs
cPBS
CPRS
cPBs
cras
.GPBS
cPes
CPBS
CPBS
CPBS
CPBS
cPBs
CPBS
cPBs
tPBS
CPBS
cPBS
cPBS
cPBsS
CPBS
CPBS
.CP3S
cPBs
ches
CPES
CPBS
cPaS
cPBS
CPBS
CPRS
CPBS
cPes
CPBS
cPBS
CPBS
CPBS
tP8s
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350
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APPENDIX A,

THO STREAM AXISYMMETRIC BASE PRESSURE PROGRAM

SUBROUTINE CPBS LTSARPPR-2) PAGE A~46
CH#**24TEST AND EVALUATION FOR HORTZONTAL T-CHARACTERISTYIC. CPBS 640
Casxr#F0R 1 HORTZONTAL . CPBS 650
2 IF(ABS (DIFF13)=1.0F-3) 3,3,4 CPBS 660

3 PROD)3=HQLOEF (R13,EMS13, THET 13, ALPH13 )% (X3--X]) CP8BS 670

GO 10 5 CPBS 680

& PR0013=0CUEFF(1vR13.EHSIBqTHETIBVALDHIS)*(RB-Rll CPBS 690

5 THET3I=(THET] =~ {({EMS3-EMS1-0ROD13)/P13)) CPRS 700
DIFFT=(THET3-SAVE2) /SAVED2 CPBS 710
IFLABSI(DIFFT) JLE. 1.0F~4) GO TD 7 LPBS 720

C CPBS 730
6  NCOUNT=NCOUNT+1 CPBS 740
IF(NCOUNT.GT.NCTMAXS GO YO 7 CPBS 750
SAVE1=R3 CPBS 760
SAVEZ2=THET3 CPRS 770
R13=AVGF(R1,R2} CPBS 780
THET13=AVGF(THET1, THET3) CPBS 790
DIFF13=THET]3~ALPH]3 CPBS 800
013=0c0FFF(1.R13.EM513.TH5713.ALPH13) CPHS 810
THET23%AVGF( THET2, THET3) CPBS 820

GO 7O 1 cPBS 830

C CPBS B40
T P3{1)=x3 CPBS BSD
P3{2)=R3 CPBS 860
P3(3)=EMS3 CPBS 870
P3({4}=THET3 CPBS RRD
4FINCOUNT .67, NCTMAX) WRITE (6,70) NCOUNT,DIFET CPBS 890

T0  FORMAT(/, 5Xy36H *ux CONVERGENCE ERROR IN »(PRS*, ( w1320, , CPBS 900

1 El0s3y56H ) #uw /) CPBS 910
RETURN cP8s 920

C CPBS 930
8 NERROR=-} CPBS 940
WRITE (6,9} CPBS 950

9 FORMAY(//,23%,304 *%& ERROR [N *CPBS®™ CALC. **x ¢/} CPBS 960
RETURN CPBS 970

END cPBS 980
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APPENDIX A TWO STREFAM AXISYMMETRIC BASE PRESSHURE PROGRAM

105

SUBROUTINF QUTPUT {(T5ABPP=2) PAGE A-47
SUBROUTINE OUTPUT(GAMMA,EMS] 4PRATIU,BETA,NPRINT,NFLOW! QurP 10

C Qure 20
CH*%&xSUBROUTINE PRINTS INPUT AND SOME OQUTRUT DATAy AND COL. HEADINGS putTP 30
o FOR THE AXISYMMETRIC CONSTANT PRESSURE BOUNUDARY SUBPROGRAM, DUTP 40
C nuTP %0
EMNPRF (PR sGAMMA)Y=SQRT((2.0/ (GAMMA=1,0) )2 nuIP 60

1 (PR*¥% (- (GAMMA~1.0)/GAMMA)-1.0)) ouTP 70
EMSMNF { FMN, GAMMA ) =SOPT( (0. 5% (GAMMA+1,0) % { EMN*%2) ) / ouTP 8O

1 (1e040,5%(GAMMA=] ,0) % (EMN=®32)) | ouTP 90
EMNMSF(EMSy GAMMA ) =SQRT({ (2., 0% (EMS*%2) ) /(GAMMA+1.01)/ OUTP 100

i (1+0=({GAMMA=]1.0)/{GAMMA+L . O)I%{EMSRE2)) } ouUTP 110

o ouTP 120
IFINPRINT) 70470410 OUTP 130

10 BETAD=57.2957795%BETA OQUTP 140
EMN]1 = EMNMSF({EMS1,GAMMA) ouUTP 150
EMN2=EMNPRF (PRATID,GAMMA) QUTP 160
EMS2=FMSMNF { EMNZ y GAMMA) QUTP 170

G TO (204+50), NFLOW ouTP 180

C OUTP 190
20 IF(ABS (BETAI-1.0E-4) 30,304%0 OUTP 200

C QUTP 210
A0 WRITE (64102) GAMMA, BETAU, EMN1, PRATID, ouUTP 220

1 PRATIO, EMN2, EMS? OUTP 230

100 FORMAT(1H1l, ///y 21X, 31H CONSTANT PRESSURE JFT BOUNDARY /, ouTP 240
1 19Xy 36H FOR INITYALLY UNIFOURM AXI-SYMMETRIC /4 ouUTP 250

2 26X, 25H SUPERSONIC INTERNAL FLOW //, OUTP 260

3 28Xy 17K =%xxINPUT DATA%%* //, OUTP 270

4 TXy GH GAMMA = F5,3, 24X 15H BETA (DEG.) = Fl0.6 //, ouUTP 280

5 TXy 12H MACH NU, = F9,6, 17X, 8H P/PO = F8.6 [/, QUTP 290

6 22X, 27H w=**BOUNDARY OUTPUT DATA*R¢ //, QUTP 300

T TX48H P/PD = FB,643Xy11H HACH NO. =F9.6,3X,12H MACH STAR =F9,6//,0UTP 310

8 7Xy 2H Xy 27Xy 2H Ry 23Xy 13H THETA (DEG.) /) QUTP 320

C ouTP 330
G0 YO 70 QUTP 340

C QUTP 350
40 WRITE (64101) GAMMA, BETAD, EMN], PRATID, QuUTP 360

1 PRATIO, EMNZ, EMS2 QUTP 370

101 FORMAT(IHYy ///y 21Xy 31H CANSTANT PRESSURE JET BOUNDARY /, OUTP 380
1 19X, 36H FOR INMITIALLY CONICAL AXI--SYMMETRIC /. OUTP 390

2 24X, 25H SUPERSUNIC INTERNAL FLUW //4 OUTP 400

3 28X, 17H *&*INPUT DATA®%x //, OUTP &l10

4 TXy 9H GAMMA = F5.,3, 24X, 15H BETA (DEG.) = Fl0.6 //» DUTP 420

5% TXy, 12H MACH NO. = F9.,6,y 17Xy 8H P/PO = F84b //» OUTP &30

6 22Xy 27H **xBOUNDARY JUTPUT DATA®xs //, QUTP 440

T TXy8H P/PO = FB,643Xy11H MACH NOa =F9.693Xy12H MACH STAR =F9,6//,DUTP 450

B8 TXe 2H Xy 27Xe 2H Ry 23Xy 13H THETA (DEG.) /) OUTP 460

[ OUTh 470
G0 YO 70 OUTP 480

c OUTP 490
50 WRITE (6,102) GAMMA, BETAU, EMN1, PRATIO. OUTF 500

1 ; PRATIO, EMN2, EMS2 oute 530

i02 FURMATE1HI,y ///y 21Xy 31H CONSTANT PRESSURE JET BNOUNDARY /, OUTP 520
1 19X, 36H FOR INITIALLY UNIFORM &XI-SYMMETRIC /, DUTP 530

2 24X, 25H SUPERSONIC EXTERNAL FLDW //, OQUTP 540

3 28X, 17H =x*INPUT DATA®%%* 7/, QUTP 550

4 TXy 9H GAMMA = £5.3, 24X, 15H BETA (DEG.) = Fl0.b6 //» OUTP 560

5 TXy 12H MACH NU, = F9,6, 17Xy BH P/PQ = FBWb J/y ouUTP 570

6 22X,s 27H =**BDUNDARY OUTPUT DATA®=*% //, QuUTP 580

T TXeBH P/PO = FB.643Xs11H MACH NO. =F9,6,3X412H MACH STAR =F9,6//,0UTP 590

8 Txy 2H Xy 27Xy 2H R, 23X, 13H THETA (DEG.) /) qUTP 600

o DUTP 610
70  RETURN DUTF 620
END _DuUTP 630
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TWO STREAM AXISYMMETRIC BASE PRESSURE PROGRAM

APPENDIX A
(TSABPP-2)

SUBROUTINE TEST

SUBROUTINE TEST(RLMT1N5THTvNFL0N9NvaTS)

C
CxxxaxSUBROUTINE 5TOPS CALCULATIONS AND RETURNS TO THE MASTER IF ~-=
v 1. THE INTERNAL BOUNDARY RADIUS EXCEEDS RLMT OR IF THE JET
C BOUNDARY ANGLE CHANGES SIGN.
C 2. THE EXTERNAL BOUNDARY RADIUS 15 LESS THAN RLMT.
C
DIMENSINDN BPTS(5+30)
c
GO TO (10,301 NFLOW
C
10 IE{BPTS(2,N)-RLMT) 20450450
C
20 IF(BPTS(%,Nvl)*BPTS(A,N)) 50,50,40
C
30 IF{BPTSL 2N ~RLMT) 5050440
C
40 NSTMT=1
GO TO 60
C
50 NSTMT=2
60 RETURN
END

PAGE A-48

TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST
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TESTY
TEST
TEST
TEST
TEST
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10
20
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40
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160
170
180

TEST 190
TEST 200
TEST 210
TEST 220
TEST 230
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APPENDIX A, TWO STREAM AXISYMMETRIL BASE PRESSURE PRUGRAM
SUBROUTINE SLIP (TSABPP-2) PAGE A-49
SUBROUTTINE SLIP{FEMS1,THRETAL,GAMMA],EMS2, THETAZ,GAMMA?, sLip 10
1 THETASyNSTOP) sLiP 20
C SLIP 30
CxuwxaTHIS SUBRNUTINE CALCULATES THE SLIPLINE ANGLE FOR THE OBLIQUE SLIP 40
C SHOCK RECOMPRESSION SYSTEM WHICH OCCURS AT THE IMPINGEMENT SLIP 50
C POINT OF TwD SUPERSONIC STRFAMS IF [T EXISTS. SLIP 60
C sLIP 70
C SUBROUTINES REQUIRED---PRSHK SLIP 8O
c SLIP 90
c xEFVAR] ABLES**% SLIP 100
C SLIP 110
c EMS] = MACH STAR OF STREAM ], SLIP 120
C THETAl = FLOW ANGLE UF STREAM 1 (IN RADIANS), SLIP 130
[+ GAMMAY = RATIO OF SPECIFIC HEATS FUR STREAM ], SLIP 140
C EMS2 = MACH STAR OF STREAM 2. SLIP 150
o THETA2 = FLOW ANGLE OF STREAM 2 (IN RADIANS). SLIP 160
C GAMMA? = RATIO OF SPECIFIL HEATS FUR STREAM 2, SLIP 170
< THETAS = SLIPLINE ANGLE (IN RADIAN3}. SLIP 180
[+ NSTOP = 1, FDR A SOLUTION. SLIP 190
o = 3, FOR NO SOLUTION, SLIP 200
c SLIP 210
C NOTE THAT THETAL 15 ASSUMED LARGER THAN THETAZ2. SLIP 270
C SLIP 220
o SLIP 240
EMNMSF(EMS s GAMMA ) =SORT((2.0/({GAMMA+].0) ) #(EMSH®2)}/ SLIP 250
1 _{1.0-((GAMMA~] O} /{GAMMA+1,0) ) *(EMSR®2}]) ] SLIP 260
CoansdCALCULATION UF THE MAXIMUM TURNING ANGLE FOR A GIVEN ArPROACH SLIP 270
C MACH NUMBER AND GAMMA (NACA R=~1135). SLIP 280
C SLIP 290
SINWA2 (EMN,GAMMA)Y = (0.25/ (GAMMAR(EMN®X2§ ) )% ( {GAMMA+]L,QYx [ EMN®%2)~ SLIP 300
1 4.0 + SORTC(GAMMA+1,0)¥((GAMMA+L.0)*{EMN*B4) + SLIP 310
2 8.,0%(GAMMA-1,0)»{EMN®%2) + 16,0))) SLIP 320
CHasxxSINWA? CALCULATES THE SINE NF THE SHOCK WAVE ANGLF SOUARCD SILIP 330
C FOR MAXIMUM STREAM DEFLECTION BEHRIND THE SHUCK (EON 1681, SLIP 340
C SLt1e 350
NDELTAM (EMN,CAMMA,SINZ2WAI=ATAN ((2,.0%SORT({1,0~-SIN2WA) /SINZWA)® SLIP 360
1 ({EMN® %2 ) RSTN2WA=1.0} )}/ (2.0+(EMNoR2) % SLIP 370
2 (GAMMA + 1.0 = 2.0%*SIN2WA))}} SLIP 380
Cxx3uxELTAM CALCULATES THE MAXIMUM TURNING ANGLE GIVEN THE APPROACH SLIP 390
o MACH NUMBER, GAMMA, AND THE SINE SOQUARED OF THE WAVE ANGLE, SLIP 400
C SIN2WA, FOR THE MAX[MUM DEFLECTIUN (EON 1134A), SLIp 410
d SLIP 420
PROSHK (EMN,STN2WAGAMMA) = (2.0%GAMMAX (EMN*%2)*SITN2WA-GAMMA+1.0)/SLIP 430
1 {GAMMA+1.0) SLIP 440
CHeax¥PRUSHK CALCULAYES THE STAVIC PRESSURE RISE FOR AN OBLIQUE SHOCK SLIP 450
C GIVEN THE APPROACH MACH NUMBER, THE SINE SQUAPED OF THE WAVE SLIP 460
c ANGLE, AND GAMMA (EQN 128). SLIP 47D
C SLIP 480
NIT = 3 SLIP 490
NITMAX = 1§ SLIP S00
EMN1sSEMNMSF{EMS] ,GAMMAL) SLIP 510
EMN2=EMNMSF(EMSZ,GAMMAZ ) SLip 520
PRMAX]1 = PROSMK (EMNL,SINWAZ (EMN1,GAMMAL),GAMMAL) SLIP 530
THETIMe {THETALI-DELTAM {(EMN1GAMMAL,SINWAZ (EMN1,GAMMAL) ) SLIP 340
PRMAY.2 » PROSHK (EMN2,SINWA? (EMN2,GAMMA2),GAMMAZ) sSLip 550
THET2Ma (THETA2+DELTAM (EMN2,GAMMA2, SINWA2 (EMN?,GAMMAZ2) )} SLIP 560
Cx*nexDETERMINE THE POSSIBLE SOLUTION RANGE FOR THETAS, SLIP 570
THET1SsTHETAL SLIP 580
PRSHK1=1,4) SLIP %60
THET2S=THETAZ SLiP &00
PRSHK2=1.D SLIP 610
IF{THETZM-THETIM} 600,600,100 SLIP 620
100 IF(THETAL-THEY2M} 120,120,110 SLIP 630
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SUBROUTINE SLIP

TWO STREAM AXISYMMETRIC BASE PRESSURE FROGRAM
{TSASPP-2)

110 THET1S=THET2M
PRSHK] = PRSHKIFMS1,—{THFTAL-THET1S),GAMMAL)
[F{PRSHK1+2,0) 600,600,120

120 IF{THETA2-THET1M) 130,200,200

130 THETZS=THET1M
PRSHK2 = PRSHKIEMS2,~(THFTA2-THET2S),GAMMA2)
IF{PRSHK2~1.0) 600,600,200

Crxaxx)ES A SOLUTION EXIST WITHIN THE PUSSIBLE SOLUTION RANGE.

200 IF({PRMAXI.LT+PRSHK2) o UR. (PRMAX2.LT.PRSHK1}) GO TO 600
400 NITaNIT+]
IF(NIT ,GT, NITMAX) GO TO 530

CH¥xwax]TERATION FOR SLIPLINE ANGLF SOLUTIJON,

THETAS=) 5% (THETLS + THET2S)

© PRl= PRSHK(EMS] ¢~ (THETA]I-THETAS),GAMMAL)
PR2= PRSHK(EMS2 = { THETAZ2-THETAS),GAMMAZ)
PRDIFF=(PR1=-PR2)/({(PR14PR2)/2.0]
TF(ABS (PROIFF) - 1.0E-4) 530,530,500
500 ITF{PRUIFF) %104530,520
513 THETIS=THETAS
GO TO 403
520 THETZS=THETAS
GO TO 400
530 NSTOP = ]
IFINIT oGT. NITMAX) WRITE (6,540) NIT,PRD]IFF
540 FORMAT(/4%Xy33H *2*CUNVERGENCE ERRUR IN SLIP, { » I3y 2H 4
E1lJ¢3y 6M ) #2x /)
RETURN
[
600 NSTOP = 3
WRITE (6,733}
700 FORMAT(15X,48H *#%SOLUTION FOR SLIPLINE ANGLE DOESN-T EX]ST¥*x*
RETURN
END
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APPENDIX A,

FUNCY]1UN PRSHK
FUNCTION

ruekxUBLIQUE S
THIS FUNC
THE TURMI
*%xVAR]AB
EMST AR
DELTA

GAMMA
PRSHK

nowoo

c
C
C
C
C
C
o
c
c
c
c
c
C
C
C
C

w2 EEQUATION
CUNSTB (b
1 GAMMA %
CUNSTC (H
1 ({{GAMM
CUNSTL (G
EMNSQD (E
1 - {GAM

(o

DIMENSTON
EM2EFMNSQ
CoxeknSOLUTION
A= (127
1 (CONSTB
B = (1.3/
1 9.0=(C0
2 27.0%=Ch
CUSPHI =
I+(ABS ({C
10 FRSHK = )
RETURN
C
20  PH]1 = (AT
TF (PHI)
1 PHI = PH]
2 DO 3 =1,
Al = |
Corne®xny (1) IS T

TWO STREAM AXTISYMMETRIC BASE PRESSURE PROGRAM
[YSABRPP-2)
PRSHK{EMSTAR, DELTA, GAMMA)
HUCK FUNCTION (REFFRENCE NACA R-113%)

TION CALCULATES THF STATIC PRESSURE RATIN ACROSS AN

GHLIQUE SHOCK (WEAK SULUTIUN) GIVEN THE APPRUACH MACH SYAK AND

NG ANGLE (IN RADIANS).
LES®%xx
APPROACH MACH STAR (M%x = Vv/Cw).

TURNING ANGLE (1IN RADIANS].
RATIN OF SPECIFIC HEATS,
FINAL TO APPRUACH STATIC PRESSURE RATIO,.

COrHFICTENT FUNCTIONS.

MSODZDELTAyGAMMAY = ~(FMSUD + 2,0)/EMSOD -

[SIN (DELTA)*xZ}

MSQUyDELTA,GAMMA) = (2.0%EMSQD + 1.0)/(EMSOR2%2) +

A+ 1,0)¢%2) /4,0 4+ (GAMMA - 1,0)/EMSODY®(SIN (DELTA)%®%2)

MSQD DELTA)Y = —1CUS (DELTAY®E2) /(EMSONRS D)
MSyGAMMA) = (2 0/ {GAMMA+L  O) ) #{EMS*%2) /([0
MA~1.0}/(GAMMA+] ,O) ) B UEMSHR2))

Y{3)

D (EMSTAR,GAMMAY
OF CURIC EQUAYINN FOR WAVE ANGLE SQUARED,
3.,0)%(3.0*CONSTL (EM2,DELTAGAMMA} -

(EMP2yDELTA,GAMMA) ) %22
2740 1% (2, 0% {CUNSYTB {EM2,0ELTA,GAMMAIES ) -
NSTH (EM24DELTA,GAMMA}Y*{{ONSTC (tM2,DELTA,GAMMAL) +
NSTD (EM24DELTAY)

{ =8/2.0)/SQRT( -{A4%%3)/27,0)
UsPHI)Y - 1.0) 20,20,10
«J

AN (SQRT{1.0 = CUSPHI®*%2)/CULPHI))
192¢2

+ 3.1641593

3

HE SINE SQUAKRED OF THE WAVE ANGLE.

3 Y1) = 20%SORT(-A/3.0)2COS {PHI/3.0 + (AI-1.0)%2,094395) -

1 cu
CHaa#i&TYHE RUOTS
[4 ORDER, TH
c

DO 6 I=1,
N« I + 1
DO 5 J=N;s
TFI{YiT}=-Y
4 SAVE » Y
Y{J) = Y
Y{I) = SA
5 CONTINUE
6  CUNTINUF
CxueexsxTHE ROUT

C THE RDOT
C Ytry I1s 7
c
1 =2
PPSHK = |
“Ri TURN
END

NSTB8 (EMZ4yDELTA,GAMMA) /3.0
UF THE CUBIL &ON WILL NOW 8t ARRANGED IN ASCENDING
AT 1Sy Y{1) LESS THAN Y({2) LESS THLN Y(3),

2

3
(J)) Srhe4
J)
1)
VE

CORRESPUONDEING TN THE WEAK SOLUTION IS Y(2) AND
CORRESPONDING TO THE STRONG SOLUYION IS v(3),

HE SOUARE (JF THE STNE UF THE SHOCK ANGLE (51GMA).
20D %GAMMASEMZ2XY (1) -~ (GAMMA — 1,0))/(GsrMMA + 1,.0)
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APPENDIX A, TWO STREAM AXISYMMETRIC BASE PRESSURE PRNOGRAM
SUBROUTINF TEGRAL {TSABPP-2) PAGE A-52
SUBROUTINE TEGRAL(PHID,CSOD,TRBO,EI1J,EIL1D,EI3J,EI3D) TEGR 10
o TEGR 20
Cx=%e=THIS SURBROUTINE CALCULATES THE TURBULENT JET MIXING INTEGRALS. TEGR 30
C TEGR &0
o BUEYART ABLE Sk ux TEGR 50
C TEGR 60
o PHID = NISCRIMINATING STREAMLINE VELOCITY RATINO. TEGR 70
C CSOD = FREE-STREAM CROCCO NUMBER SQUARED. TEGR 80
¢ TRBO = BASE TO FREE-STREAM STAGNATION TEMPERATURE RATIO. TEGR 90
o EIlJ = MIXING INTEGRAL 1 FOR J STREAMLINE. TEGR 100
C EI1D = MIXING INTEGRAL 1 FOR D STREAMLINE, TEGR 110
o E13J = MIXING INTEGRAL 3 FOR J STREAMLINE. TEGR 120
o EI3D = MIXING INTEGRAL 3 FOR D STREAMLINE. TEGR 1%
o TEGR
C TEGF
TJMIE(PHI,CSOD,TRO) = ERI/{TRO-CSWUS(PHI*%2}) TEGR
TIMZF(PHICSQN,TRO) = (PHI*32)}/(TRU-CSQD* (PHI%*2)) TEGR
TIM3F(PHILCSODyTRU) = (PHI%TRO}/{TKO-CSQD&{PHI*%2)) TEGR i8¢
DIMENSION TRO(350),E11(3501,£12(350),E13(350) TEGR 130
CUMMON  /ERFVP/ PHI(350) TEGR 200
C¥xx%x2THE ERROR FUNCTION VELOCITY PROFILE, PHI(I), IS INITIALUIZED IN TEGR 210
o *BLOCK NATA* AND STORED IN LABELED COMMON %ERFVP%, PHI(I) IS TEGR 220
c GIVEN FOR 1=1,350 VALUES OF ETA IN THE RANGE OF ETA=-3.5 1O TEGR 230
C ETA=3,5 IN INCREMENTS OF DETA=0.02. TEGR 240
C#x=%% [NCREMENT SIZE AND INITIAL VALUES AT (ETA RB)} ARE SPECIFIED HERE. TEGR 250
DETA = 0,22 - TEGR 260
TRO{1) = TRBO TEGR 270
EI1(1) = 243 TEGR 280
EI2(1) = 0.0 TEGR 290
EI3(1) = J).) TEGR 300
CExxxxCALCULATION OF THE MIXING TABLE BY THE TRAPEZNIDAL RULE, TEGR 310
ND 2 I=1,349 TEGR 320
TRO(I+1) = (TRBO + (1,0-TRBOI*PHI(I+1)) TEGR 330
EIL{I41) = ET1{1) 4 O.5%(TUMIF(PHI(I+1),CSQDyTRO(T421}) + TEGR 340
1 TJMIF(PHI(1),CSODLTRO(I))}I=DETA TEGR 350
EIZ2(1+1) = FI2{(I) + O.5%(TJIM2F(PHI(I+1),C50D,Tr .1+1)) + TEGR 360
1 TJMZF{PHI(1),CSQN, TRO(I) 1) *DETA TEGR 370
EI3(I+1) = EI3{(I) 4 O0.5%(TJUM3F(PHI(I+1),CSQD,TROtI+1)) + TEGR 380
1 TUM3F(PHI{1),C5Q0,TRO{T1})1*DETA TEGR 390
J o= i+l TEGR 00
IF(PHI(J) +LT. {0.25)) GO TO 2 TESR 410
IFUABS(1 I =((EIL(JI=EI2{J))/(ETL(TI}=FI2(1)1)).LE.1.0E-04) GO YO 3 TEGR 420
2 CONTINUF TEGR 430
Cxxx¥¥DETERMINE THE J- AND D-STREAMLINF VALUFS OF THE INTEGRALS. TEGR 440
3 FIlJ = FI1(J) - Ef2(J) TEGR 450
Cxx¥xxTAQLE SFARCH AND [NTERPOLATION FOR EI3J. TEGR 460
D0 & 1=1,4 TEGR 470
IF(EII(I) .GT. E€I1J) GO TQ 5 TEGR &B0
4 CONTINUF TEGR 490
5 FI3J = EI3(I=-1) + ((FI3{I)=-EI3(1-31))Z(ET1(1)-EI1CI-11)}% TEGR 500
1 (EI1J-E11(1-11) TEGR 510
CHxxxxTABLE SEARCH AND INTERPOLATION FOR EILD, EI3D. TEGR 520
DO 6 1=1,4J TEGR 530
IF(PHI(]) JGT, PHID) GO TO 7 TEGR 540
6  CONTINUE TEGR 550
7 EILD = FLL(T-1) + QUEIMMII=EIl(I-1))/{PHILI)-PHI(I=1)}}= TEGR 560
1 (PHIN-PHI{I=-1)) TEGR 570
EI30 = FI3(1=1) + ((EI3(I)-EI3(I~-1))/(PHI(I)-PHI(I-1)))% TEGR 580
1 (PHID=-PHI(I=-1}) TEGR 590
RETURN TEGR 60D
END TEGR 610
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{ APPENDIX A, TWO STREAM AXISYMMETRIC BASE PRESSURE PROGRAM

{ MAIN PROGRAM (TSARPP-2) PAGE A-53
a

BLOCK DATA BLDA 10
| C*e%xxeTHE ERRNP FULWITIGN VELOCITY PROFILE, PHI(T)y IS INITIALIZED IN BLDA 20
! C ¥BLOCK va.-+ AND STIRED IN LABELEL COMMON *ERFVP2., PHI(() IS BLDA 30
c GIVEN ¥R 1=2.2°0 YALUFS DF ETA [N THE RANGE OF ETA=-3,5 TO BLDA &D
} c ETA=3,5 1. INCRVMENTS DF DETA=0.0G2. BLDA 50
: [ BLDA 60
COMMON  ScRFVP/ ALLAS) A5 n3(45),A6(45),85045),A6(45),A7(45), BLDA 70
f 1 AB(335; BLDA 80
. DATA 21 BLDA 90
: * /0 .,00000) 4y 0,00U000 4 0.0(0D00 » 0.000000 4, 0,000000 , BLDA 100
. % 0,003332 4 0.00LO01 4 O.0COQ0L o 0,000001 , 0,000001 . BLDA 110
: * 0,000001 + 0.,000uDl 4 0,000092 , 0.000002 , 0.000002 . BLDA 120
! * 0.022823 , 0,000003 , 2 0DOON4 , 0.000004 , 0,00000% BLDA 130
= 0,000005% , 0,000006 , 0.2700067 4 0.000008 4, 0.000009 , BLDA 140
¥ 0.0232311 » 0.000012 + D.00NGL4 4, 0.0000186 , 0.000018 , BLDA 150
* 0.00002) 4 0.000023 , 0.00002% 4 0.000029 , 0,000033 , BLDA 160
* 0,003237 , 0,.000042 + 0.000047 4 0.000053 , 0.000059 , BLDA 170
* 0.000067 » 0.,00007% , 9,000084 , 0,000094 , 0.000105 / BLDA 180
DATA A2 8LDA 190
* /0,000118 » 0,000131 , 0.000147 , 0.000164 , 0.000182 , BLDA 200
: ® 0,0332)3 , 0.000226 , 0.0002.1 o, 0.,000279 , 0.000210 , BLDA 210
. % 0,000344 , (0.000381 4 0.000422 4, 0.,000467 4 0.000517 BLDA 220
! ®* 0020571 » 0.,000631 4 0,000696 , 0.000767 . J,0600845 , BLDA 230
. ® 0.000931 4 0.001024 , 0.001126 , 0.001237 4, 0.001358 , BLDA 240
i * 0.0J1489 , 0.001632 4 0.001788 , 0.001956 4, 0.002140 . aLDA 250
% 0.,002338 , 0.002553 , 0.002786 , 0,003038 ; 0.003310 , BLDA 260
I ¥ 0,003604 4, 0,003921 4 0,006263 , 0.004631 4, 0.005027 . BLDA 270
* 3.005654 4 0.005912 , 0,006404 4, 0.006932 , 0.007498 / BLDA 280
i DATA A3 BLDA 290
] % /3.008104 , 0.008753 4, 0.0094%446 y, 0L,0101BRA , 0,010980 , BLNDA 300
‘ ¥ 0.01182% , 0.0127¢5 » 0.01368% , 0.014706 4 0.015792 3LDA 310
'< * 0.,016946 , 0.018172 » 0.019472 ¢ 0.020851 , 0.022311 , BL.DA 320
I % 0.,023R57 , 04025691 » 0.027219 4, 0.029043 , 0.030967 , BLDA 330
! ¥ 0.,0329%6 4 04035133 , 0.777382 4y 0.039747 ¢y D.042233 , BLNA 340
. ¥ 0.044843 , 04047582 4 0,0.0453 4, 04053460 4 00560607 o BLDA 350
; * 0,059899 , 0.063338 4, 0,066930 ¢ 0,07T0677 , 0.,0T4583 , 8LDA 360
! * ),0786%2 ,+ 0.0B2887 4 0.087291 , 0,09186R , 0.,096620 , BLDA 270
3 * 0.1015%) 4 04106661 4 0.11195%5 , 0.,117436 , 0.123101 / BLDA 1380
; DATA A4 BLDA 390
L % /34128956 4, 04135002 4, 0.141239 4, 04147669 4 04154292 , BLDA 400
: ! * 0.161198 , 0.168118 , 0,175322 , 0.1B27i8 ,» 0.,190305 , BLDA 410
1 % 04198084 4, G.20605L ¢ 0,214205 4 0.222544 5 04231065 , ALOA 420
. % 04239765 y 02248641 5, 0.257688 4, 0.266904 4 0.276283 , BL.DA 430
: % 04285822 4y 0.295514 , 0.30535%4 4 0,315338B 4 04325457 , BLDA 440
* 04335708 y 0,346082 , 0,356572 4 0.367173 4 0.37787¢ , BLDA 450
Y B ).38B673 . 04399557 , 0,410519 5 0,421552 ¢+ 0.432667 , BLNA 460
" # 0.443795 4, 0.,45698B , 0.466217 4, 0.477472 4 0.4BR746 , BLDA 470Q
: % 0.500029 , 0.51131) , £,522585 , 0.5328B40 4, 0.5450589 / BLNA 4BO
S DATA A5 BLDA 4990
4 % /34556261 4y 0.567402 4y 0.578504 4 0.589536 4 0.600498 , BLDA 500
| % 0,611382 4 0.622179 ¢y 0.632881 4 0.643480 , 0,653971 , BLDA 510
i * 0.664344 4 0.0674593 4 D.5684712 5 0.694695 , 0.70453¢ , BLDA 520
'! ® 0.TI4226 4 0,723763 4 0.73314) 4 0.742356 , 04751403 , BLDA 530
i ¥ ), 760278 4 O.T768977 4 0.777497 4, 0,785834 , 0.793588 , BLDA 540
1I * 0,801954 5 0.809731 4 O0.B17317 ¢y D.826712 4 048321915 , BLDA 550
! ¥ 0.838923 , 0.845739 , 0.B52361 ¢+ 0.B8587B9 4, 0.865026 , 8LNDA 560
‘, * 0,871070 » 0.8B76925 , 0.882590 , 0.888068 , 0.893361 , BLDA 570
: % ),898471 » 0.903400 , 0.,908151 4 0.912726 , 0.917130 / BLDA 580
“ DATA A6 BLDA 590
: ® /0.921364 4, 0.92%432 5, 0.929337 4 0G.933083 &+ 0.936674 , BLDA 600
? ¢ 0,94)113 4 0.943404 5 0,946550 , 0.949557 4 0.952427 , BLDA &10
* 0.955165 4 0.957774 53 04960259 4, 0.962624 4 0.564R73 , 8LNA 620
® 0.,967009 4 04969037 4 0.,970961 » 0.972785 , 0.,974511 , BLDA 630
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23 a2

}
MAIN PROGRAM (TSABPP-2) PAGE 4-5¢ !
|
% 0,9761486 ¢ 0.,977691 , 0,9791%1 , 0.980529 4 0,981829 , BLOA &40 !
* 0,983754 , 049864208 4 0.985293 ;, 0.986314 4, 0.9687274 , BLNDA 650 {
* 0.988174 , 0.989018 s, 0.989810 , 0.990551 , 0.991245 , BLDA 660 {
¥ 3991894 4 0,992500 ¢ 04993065 4, C€.993593 , 0,.994085 , BLDA 670
¥ 04994543 , 0,994969 + 0,995365 4, 0.,995733 , 0.996075 / BLDA 680 ‘
DATA A7 BLDA 690 !
¥ /0.996392 , 0,996686 , 0.996958 , 0.997210 , 0.9974642 8LDA 700 ’
* J3.997657 4 0.997856 , 0.998039 4, 0.998208 , 0.998363 , BLNDA 710
* 0998506 ¢ 04998638 5 0.998758 4 0.998869 4 0.99B571 BLDA 720
* 0,999064 3 00999149 y 0.999227 4 0,999299 ¢ 0.999364 BLDA 730
* 0,999424 4 0,999478 , 0,999527 , 0,999572 , 0,999613 , BLDA 740 i
* 0.999651 4 0.999685 ¢+ 0.999715 ,» 0.999743 , 0.,999768 , BLDA 750
% 04999791 5 0.999812 , 0.,999831 ,» 0.999848 , 0.999863 , BLDA 760
* 0,999877 » 0.,999889 4 0.999900 4 0.999910 » 0.999919 , BLDA 770
* 0,999927 4y 04999935 , 0.999941 , 0.,999947 , 0.999352 / BLDA 780 ‘
DATA AR BLDA 790 '
* /0,999957 v 04999961 4y 0.999965 4, 0.99996B 4 0.999971 BLDA BOO '
x 0,999974 4 04999976 4 0.999978 , 0.999980 o 0.9999B2 BLDA B10O !
* 0,999983 , 0,99998%4 » 0.999985 , 0.999986 5 0.99%987 BLDA 820 !
* 0.999988 , 0,999989 , (£.999989 , 0.999990 ;, 0,999990 , BLDA 830 2
* 0.999991 4, 0.999991 y 0.999991 ,» 0.999992 , 0.999992 , 8LDA B840
* 0.999992 4 04999992 , 0.999992 , 0.999992 » 04999993 , BLDA 850
* 0,999993 , 0.999993 , 0,999993 4, 0.999993 4, 0.999993 / BLOA 860
END BLDA 870
|
1
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APPENDIX B

COMPUTER PROGRAM ORGANIZATION AND

SUBROUTINE DESCRIPTION

The names and brief functional descriptions of the subroutines
used in the base-pressure program, TSABPP-2, are given in this ap-
pendix. The subroutines are ordered on a first-call basis and are

sequenced relative to the routine from which they are called.

Additional explanatory CEMMENTS regarding the make-up and opera-

tion of this program are contained in the program listing, APPEN-

SEQUENCE

DIX A.
NUMBER NAME

-- TSABPP-2
1.0 INGUT
1.1.0 ABTS
1.1.1 BTCNST
1.1.2 #UTBT1
1,1.3 EMSPM

FUNCTION

Main program in which the various calcula-
tion ané Iteration sequences required in
the sclution of the iscenergetic or noniso-
energetic base-pressure protlem are initi-
alized and controlled.

Reads and writes the input data to TSABPP-2
and then calculates the working input data
for the remainder of the program.

Afterbody subprogram which controls the cal-
culation and iteration sequences for analyz-
ing supersonic flow over afterbodies., Sub-
program determines the local inviscid flow
properties at the afterbody surface and the
final II-characteristic through the afterbody
terminus.

The constants [C;,C;,Cy] in the afterbody
profile equaticns are evaluated here for the
given input data.

Prints input data, some output data, and the
afterbcdy output data headings.

Sclves the Prand:il-Meyer function for the
Mach Star given a turning angle of (8,-8, },
the appreoach Mach Star, and the specific heat
ratio Y.
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SEQUENCE

NUMBER

l.1.4

[on
w

NAME

gUTBT2

MCDATA

FPS
BYBPS
BTITER

FUTIM

ACPBS

gurTPUT

UFLEC

CNFLUC

PMSBR

EMSPM

FUNCTION

Prints the local values of [X,R,M,P/PE,CPJ
along the afterbody surface and, finally,
the overall afterbody drag coefficient C.

Nethod of Characteristics data handling sub-
routine. This subroutine loads, steores, or
shifts data in the Method of Characterictics
arrays.

Method of Characteristics subroutines.
Field-point subroutine.
Boattail Boundary Point Subroutine.

Iteration subroutine for determining the I-
characteristic passing through the afterbody
terminal point (XIE’RIE)’ Fie. 1.

Writes the headings and current data used
for the trial inviscid flow-field calcula-
tions.

Calculates the flow field and the constant-
pressure boundary for either the internal
(nozzle)} flow or the external (freestream)
flow by the Method of Characteristics for
irrotational flow.

Writes the headings and input data for the
inviscid flow-field calculations.

Generates the Method of Char oteristies
data along the initial II-cghoracteristic
for uniform flow.

Generates the Method of Characterictics
data along the initial IT-characteristic
for conical-flow nozzles.

Calculates the Method of Characteristics
data for centered Prandtl-Meyer expansionc.

Solves the Prandtl-Meyer expansion function
for the value of M given the approach MYy,
the turning angle (82-01), and the speci-

fic hest ratio v.

P
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SEQUENCE

NUMBLK NAME
3.5 FUTBDY
3.6 MCDATA
3.7.0
3.7.1 FPS
3.7.2 CcPBS
3.7.3 APS
3.8 TEST
4,0 CRESS
4.1 SLIP
) PRSHK
5.0 CTUMIX
5.1 TEGRAL
6.0 ITER

FUNCTION

Writes (X,R,0) data along the constant-pres-
sure boundary.

Method of Characteristics data handling sub-
routine. This subroutine loads, stores, or
shifts data in the Method of Characteristics
arrays.

Method of Choracteristics Subroutines
Field-point subroutine.
Constant-pressure boundary subroutine.
Axis-point subroutine.

Tests for terminating the inviscid flow-
field calculations.

Calculates the impingement pcint of the
"corresponding" inviscid streams, the mix-
ing lengths, and the oblique shock system.

Calculates the slipline angle 8 for the
two impinging supersonic streams.

Calculates the static pressure ratio across
an oblique shock wave given the approach
M*, the turning angle &, and the specific
heat ratio y. (This routine solves the cu-
bic equation for (sir ¢)? where 0 is the
shock wave angle; with this soluticn and
the input data, all other oblique shock
functions can be found.)

Calculates the dimensionless mass and en-
ergy transport ratios, B and E, due to the
turbulent mixing component.

Calculates the two-dimensional turbuleat
mixing integrals.

Contrels the various iteration seguences

by first determining, if possikie, the so-
lution interval by incrementing the inde-
pendent variable. After the solution inter-
val has been determined, the solutinn is
found by iteration using interpolation with
acceleration of convergence by Wegstein's
method [101].
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NUMBER NAME FUNCTION i
1 7.0 ERFVP BLECK DATA. The error function velocity
i profile is stored in this arrav for
ETA=-3.5 to ETA=3.5 in incremerts of
DETA=0.02.
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APPENDIX C
PROGRAM ERROR MESSAGES

The informational error messages generated by the TSABPP-2 pro-

gram and its subroutines are summarized here with an explanation of

each error message.

routines

SEQUENCE

NUMBER

NAME

TSABPP-2

The order and sequence numbers of the varicus
are the same as in APPENDIX B ~f this report.

MESSAGE/EXPLANATION

If a base-pressure solution is not achieved
within IBPR.LE.I1BPRMX (currently IBPRMX=20),
the current case calculation is terminated

and the next case or configuration is consid-
ered. At termination, the current values of
the base-pressure ratic, BPR = Py/P;g. as wcll
as the lower and upper bounds on the sclution
value, BFRL and BPRR, respectively, are also
printed.

This situation is similar to the preceding

case; however, the trial value for the base-
pressure ratio, BPR, is greater than cr approach-
ing the value corresponding to separation of

the internal or external flow. The separation-
pressure ratio is determined from an empiri-

cal expression [ 47,
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SEQUENCE

_HUMBER

l.1.u4

1.1.5

1.1.6.0

1.1.6.1

NAME

INgUT
ABTS
BTCNST
guTBT1
EMSPM
fUTBT2

MCDATA

FPS

MESSAGE/EXPLANATION

MAXINUM Ng. OF NE-SELUTIPN TRIALS EXCEEDED:#%

------------ 8RN PRI AN NAR AN PR PAINARAARAILARALAL RN LIS RILASINEAANAGSNILANIRATSRAADNrL IS
---------------------------- A I A A A A A N L N A T R A A A I A T L T

No-solution trial cases occur vwhen
(i) there is insufficient data to calcu-
late the inviscid boundaries' impinge-
ment point,

{(ii) the boundaries do not impinge, and

(iii) the boundaries impinge, but the slip-
line solution does not exist.

In the course of the base-pressure solution
iteration, a case calculation is terminated
if a total of NESPLN.GT.NESMAX (currently
N@SMAX=10) no-solution trials occur for a
piven case. Note that error messages related
to (i), (ii), and (iii) are generated by the
appropriate subroutines; i.e., (i) and (ii)
from CRESS and (iii) Ffrom SLIP.

None

None

Nene

None

Sce message for EMSPM under S/N 3.4.1.

None

None

Method of Characteristics subroutines.

See messages for FPS under S/N 3.7.
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SEQUENCE

NUMBER NAME
1.1.6.2 BTHEPS
1.1.7 BTITER
2.0 gUTIM
3.0 ACPBS
3.1 puTPUT
3.2 UFLAC
3.3 CNFLPC
3.4.0 PMSBR

MESSAGE/EXPLANATION

......

Convergence failure in iteraticn for M® along
the afterbody boundary. Convergence tc a nor-
malized difference in M* between successive
trials of .LE. 10°* was not achieved before
NCPUNT.GT.NCTMAX occurred {(currently NCTMAX=15).
(NCBUNT,DIFF) printed are the current itera-
tion number and normalized difference in M™,

......

If either (M* < 1) or (M¥ > Mg, .) occurs dur-

ing the iteration for M* along the solid boundary,
the above message is printed and a return

is made to ABTS.

""" MAX N@. ITERATIPNS EXCEEDED IN SBR. BTITER.
G# TP NEXT CASE. -

The I-characteristic passing through the ter-
minal point of the afterbody could not be
determined within the specified number of
iterations (currently, 15). Return is made

to INPUT and the next configuration is analyzed.
None

None

None

Nofie

MNone

None
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SEQUENCE
_NUMBER

3.4.1

NAME

EMSPM

guUTBDY
MCDATA
FPS

CcPBS
APS

MESSAGE/EXPLANAT ION

Message results from the specification of .
a turning angle, which is either

(i) greater than the turning angle corre-
sponding to sonic flow after a rcversi-
ble compression or

(ii) greater than the maximum turning angle
for a reversible expansion,

HHHCNVERGENCE ERRER IN EMSPM, (NIT,DIFF@) s

Convergence fallure of the iterative procedure
used to solve the Prandtl-Meyer function for

the Mach Star after the expansion (eor compres-—
wion). The wvalues of NIT, current number

of iterations, and DIFFP, the normalized dif-
ference between successive values of the Prandtl-
Heyer omega function, are printed. Currentlv,

the maximum value of NIT is specified as NITMAX=20.

None
None

Mcthod of Characteristices subroutines:
HMECHNVERGENCE ERRER IN ¥FPSH, (NCPUNT, DIFF )i
#CPBS™
:!Aps::

Converg-nce failure of the Method of Charac-
terieticu calculations within the specified

subroutine. NCPUNT gives the current itera-
tion vumber (a maximum of fifteen) and DIFF,
ithe current value of the normalized differ-

ence function on which the convergence cri-

terion is based.
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SEQUENCE

NUMBER NAME
3.8 TEST
4.0 CRESS
4.1 SLIP

MESSAGE/EXPLANATION

::m:ERRﬂR IN SFPS* CALC ., %8s
®CPBSH
BAPSH

The Mach Star becomes less than one or a boundary
point calculation crosses the axis. The for-

mer usually results from wave ccalescence and
""foldback" while the latter could occur for

the external-flow boundary calculations in

the vicinity of the axis.

None

IMPINGEMENT BCCURS AT X = AND R =

HHRRHNIMPINGEMENT @F THE EXTERMAL STREAM @CCURS

BEFPRE SEPARATIPN PF THE INTERNAL STREAMa:
IMPINGEMENT $CCORS AT X =  AND R =

The inviscid internal and external streams

do not impinge downstream of their separation
points, but rather one of the streams would
impinge on a 3o0lid boundary prior to the sepa-
ration of the other stream. These cases are
considered to be no-solution trials.

WITHIN THE RANGE PF
CONSTANT~PRESSURE BEUNDARY

Insufficient external cor internal boundary
data are available to determine.an impinge-
ment point between the flows. These cases are
also considered to be no-solution trials.

Convergence to the slipline solution was not
achieved within the maximum number of itera-
tions specified (currently NITMAX=15). NIT
is the current iteration trial and PRDIFF

is the nermalized pressure ratio difference
function.
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SEQUENCE
“NUMBER_ NAME_ MESSAGE/EXPLANAT ION

A reguiar slipline sclution with weak shocks
does not exist for the trial impinpement data.
This case is considered as a no-solution trial.

h,2 PRSHK None
5.0 TUMIX None
5.1 TEGRAL None
6.0 ITER None
7.0 ERFVP None

(BILECK DATA)
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APPENDIX D

MODIFICATIONS FOR OPERATION OF TSABPP-2
ON AN IBM 7094 F@RTRAN IV [BJOB SYSTEM

APPENDIX D 1S DIVIDED INTO THREE RPARTS. THEY ARE AS FOLLOWSS

le
I'le

MODIFICATIONS IN TQARPP-2 REQUIRED FOR IPM 7094 DPERATICON
TSARPR -2 [NPUT DATA FORMAT FOR THE IRM 7094 vERSION

I11e CONTROL CARDS FOR OPFRATING TSABOD-2 ON AN IBM TO94 UNDER 1HJ0B CUNTROL
MODIFICATIONS IN THABPP-2 REQUIRFD FOR [OM 7094 OPERATION
(SEE *NOTE® ON PAGE 127 BLr ORE CHANGLING PROGIKAM)
(oo YERS[NON === FOR IHM 7094, WITH oNDEFLY DRTTONS ADNED T PCOETA . HALL  +4
C [ [N
4 NPUNCH o PROEDT 4 PROTE y POTENDT yNSHAPE ¢y NPTSEGPRLITLE, MAIN 40
5 NDEFLT MAIN 4%%
NDEFLLT = O MAIN 464
[+ INOPT = 1, INPUT RY NAMELIST /DATAIN/ NNLY.  THL DEFRZCILT INOUL 270
c CARDS FOLLOWING THE FIRST CARD-~= SDATAIN ~PT=2 3 INOU 280
C ® 3, INPUT SPECTFTIED BY NAMELIST /DAYAIN/ FOR L. _JULATION  INOU 260
c 2 4, INPUT SPECIFIEU BY NAMELIST /DATAIN/ FUR CALCULATION  IN(t 2R
C NDEFLY = 0, THE VARIARLFS ARE RESET TO THE DEFAULT CONFIGURATITIN® NI 34
[« AFTER THE CASE (SET NE PRESSURE HATINS) 1S COMPLETEN. [NOU 462
C = 1, THE VARIJARLES WILL NOT Bt RESET AT UPON COMPLET NN TR IR L
c” OF THME CASE. INOIE Asg
C NOTE ~-—- CHANGING THE VALUE OF =NEDFLY® WILL FIRSY AFFECY THE XA [UIE NN
[ CASE SUCCHFDING THE CASF IN WHICH IT IS CHANGEN, TN T4k
C *%xCARD ]®& ANY ALPHANUMEKIZ HEADING TN COLIIMNS 1 TO HO, INDLE 755
C FOLLUWING CARDS CUNTAIN #NAMELIST® DATA SPECTIHIED BLLOW--~ FNOHE 75A
4 INDU N7
[ SDATAIN  X1I=4RII2BFTDYT=,GCI=GAMMAL R FMN]Tx,, TROEL 2, RFECOMP=, INOU 7A0D
[ NSHAPEFE ¢ X2E® yR2E % yBETD2E =9 X 18 ,R1E=,GCF vy GAMMAE R, EMNE =, INOPT=, INOU 270
c NPRINT= g NPUNCH= (KPRESK= ) NCAS¥EE ) PU=, BRU=,, FRMIx  NDEFLT=, $ INOU THOD
C *ECARD (%4 ANY ALPHANUMEK]Z WEADING TN COLUMNS 1 1D KO. IKOU K50
[« FOLLUWING CARDS CUNTAIN ®NAMELIST* DATA SPFCIFTED BELOW--- 1NOU R5%
c INOU HBAQ
c 1# NSHAPF=O (UDEFAULT VALUE) INQU 810
[ $SDATAIN RIT= EMNII= EMNE=yNCASE=¢PR=y =~y e o NDEFLT=y $ INOQU RRO
C ]N()ll HanN
c IF NSHAPE=1,2y3 (SPECIFItD BELOW) INOU 9np
c $SDATAIN RLII®,EMNI[®=,NSHAPE® BLTD2E =y X1F = R1ET yEMNE= ¢ NCASE S INDU Y10
C PPa-y~yeess NIIFFLT=, $ INOU 920
C RECARD Q% DUMMY CaRD,  CUNTENT IS IGNNRFD, INDU 94Y
C % ARD (%= $DATAIN INOPT=2 $ INOU 980
4 NNTF THAT THERE ARF (T7+NCASE) DATA CARDS PER CASEH. INDISL L AD
c *HCARD (%% DUMMY CARD, CUNTENT 5% IGNMIRED, INDULLQ?
C *SCARD 1w= AMY ALPHANUMERIC HFADING [N COLUMNS 1 TO RO. INDUL 1S
C FOLLOWING CARDS CONTAIN #NAMELIST* DATA SPECIFIED BELOW--- INDULT Qs
C INDUT I 4H
C SDATAIN INOPT=3,FMNY = BFTD1 =y R1I=yNCASE=4PRE—y—~y cr v s GAMMAEF, INDUL 200
o NDEFLT=, § INDIIL 210
o BECARD De* DUMMY CARD.  CUNTENT 1S IGNNRED, INOUL252
c 2L ARD (*% ANY ALPHaNUMERIC HEADING TN COLUMNS 1 TO HO. INOUL 254
C FOLLOWING CARDS CONTAIN *NAMELI3T* DATA SPECIFIED BELOW--- INOULZ25h
c TNOUL 26K
o SDATAIN  INOPT=4,NCASE=, FMNCGx NSHAPEa , RETD2E= yRPE=y X1E= ,R1F=, INTIL260
C P2y -9goesy GAMMAE2 NDEFLT =, $ INOULZ2T7Y
4 NPUNCH ¢ PRUENT  PROTE +PNYFOT yNSHAPE NPTSE,PRLTLIE, INMMIL420
5 NDERFLY HETO A O
NAMELTST /JDBTAIN/ XLT4R11,BETINTGCTyGANMAT s FMN] T, NSHAPE, X2F,R2F, INN'I1450
BETNZE¢X1E ,HLF 2 GOFoGAMMAE, FMNFE, TROCT 4 RFC(IMB, [N 460
2 INDPT G NPRINT yNCASE yNPLINCH ¢KPREGR g PRy BRI, UM, NN L4 /0
NDEFLT TR G TS
CoexneSK P *NFFAULT CONFIGURATION= DERFINITION [F NDEFLT=]. INGUT 403
IF (NDFFLT.NF.O0)} GO TO 9@ INUIIT4ST
CeesxsREAD READING CARD. ILG1RY0
9 RFAD {5,6R) A IN(IULR3Y
CHs®ekRFAD INPUT DATA HY NAMELIST /DATAINZ o MO H&O
RFAD (S,DATAING [NNH LRSS
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TSABPP -2 INPUT DATA FORMAT FOR THE 1AM 7094 VERSION

Crx**2CNMPLETE INPUT NATA FOR DEFAULT OPYION (INOPY=1}, INOU 740
C INOY 750
c wxCARD ]%* ANY ALPHANUMERIC HEADING TN CNLUMNS 1 TO 80, iNOU 755
[ FOLLOWING CARDS CONTAIN *NAMELIST® DATA SPE€CIFIED BELOW--- INOU 756
C INOU 757
C $NDATAIN X1I1=4R112,BFTN11=,GCI=yGAMMAT=FMN1T=,TROEl=,RECOMP=, INDU 760
C NSHAPFE (X2E=,R2E=,AFTN2E=, X1F=4R1F=4GCF=,HAMMAE=E, FMNE=, INOPT=, INDU 770
o NPRINT=yNPUNCH=,KPRESR=NCASE=,PRzyBRO=,ERN= 4 NDEFLT=, § INOU 780
C INOU 790
c IT IS NNT NECESSARY TN SPECIFY ALL NF THF VARIABLES SINCE ALL OR INDU 800
C PART OF THE NDEFAULT CONFIGURATIDN CAN BF USFD. HOWEVER, THE INOU 810
c FOLLOWING MINIMUM DATA MUST BE SPECIFIED FOR EACH CONFIGURATION INOU 820
C {SEE TABLE I, RD-TR~69-14}. INOU} 830
c INOU 840
[« *ECARD &% ANY ALPHANUMERIC HEADING IN CNLUMNS 1 10 80. INOU 850
C FOLLOWING CARDS CONTAIN *NAMELISY® DATA SPECIFIED BELOW--- INOU 855
C INOU B60
[« IF NSHAPE=0 (DEFAULT VALUF) INDU B70
[« SDATAIN R11=,FEMN}T=,EMNE=,NCASExyPRS=y-gcosy NDEFLT=y, $ INOU BBO
c INDU 890
C 1F NSHAPE=14243 (SPECIFIED BELOWI INOU S00
o SDATAIN R1I=4EMNLI=¢NSHAPE=,BETOD2E=,X2FugR1E=y)EMNE=9NCASE=, INOU G110
[4 PRE— -y aasa s NDEFLT=, § INOY 920
c INDU 930
Cesxxx[NPUT DATA AND FORMATS FOR UPTION z (INOPTI=2), INOIU 940
o INOU 950
[% «*CARD Q%% DUMMY CARD. CONTENT 15 IGNNRED, INDU 955
C #ECARD Qu% $SDATAIN INOPT=2 $ INOU 960
C *#CARD 2%xx ANY ALPHANUMERIC HEADING IN COLUMNS 1 TOC 80. INOU 870
o *2CARD 3% X1ilsy 811, BETD1is GCI, GAMMAI, EMN1}, INOU 980
o NSHAPE (6F1046411) INDU 990
C IF NSHAPE = 0, CARD Nf. & [S-~ INOU1000
o £XCARD L X}Ey R1E, GCE, GAMMAE, EMNF (5F10.6} INOU1019
o INQU1D20
[+ IF NSHAPE = 1,2, OR 3, CARD WD. & [S-=- INOU1030
c *%C AR 4%= x2C,» R2E, BETD2E, X1E, RlEs GCE, INOU1040
o GAMMAE, FMNE (8F10.6) INDU1050
[ INOUL 060
c ®xCARD S*2* TROETs RECOMP INOU1070Q
c =% CARD A¥* NPRINT, NCASE, NPUNCH, KPRESR (12,713,211} INDULORD
N ’ 1NOUL 090
[ IF KPRESR = 0y CARD NN, 7 AND FOLLOWING ARE=-- INOU1100
[« *%CARD 7 AND FOI LOWING&* PR11E, BLDRO» ENGRO (3F10.86) INOULL10
¢ INOULL20
C 1f KPRESR = 1y CARD ND, 7 AND FOLLOWING ARE—- INDUL130
o sxCARD 7 AND FOLLOWING*=* PRDIE, BLDRO, ENGRD [3F10,.6) INOU1140
C INOUL150
o NNTE THAT THERE ARE (7+NCASE) DATA CARDS PER CASE. INOUY160
[« INOUILTO
CexxxaINPUT FNR [NTERNAL-FLNW CONSTANT-PRESSURF RNUNDARIES (INDPT=3) INOU L L RO
r IND1IT 190
L **CARD [#x% ANY ALPHANUMERIC HFADING IN COLUMNS 1 TO 80 INNUIL194
[« FNLLOWING CARDS CONTAIN =NAMEL1ST* NDATA SPECIFIED BELOW--- INDU11964
c INOU1198
C SNDATAIN  INOPT=3,EMNIT= BETNLI=yR1I=yNCASE= PR==) ~y asayGAMMAE=, IRNI]200
[ NDEFLT=, $ INOULI210
C INOU1220
CHo%4%x[NPUT FOR EXTFRNAL~FLAW AFTERBDDY AND/OR CANSTANT-PRESSURF INOUL230
c BAUNDARTES (INOPTE4) INGU1240
[ INOU1250
[« =2CARD %2 ANY ALPHANUMERIC HEADING IN COLUMNS 1 30 80, 1M1 254
[4 FOLLOWING CARDS COMNTAIN =NAMELIST® DATA SPECIFIED BELOW-~- INNIIL 256
Cc INNII125R
o &DATAIN INDOPT=4,NCASE=,FMNE=,NSHAPE= ,AFTNZE=,R2E*x, K]1E~,R1F*=, INDU12 A0
C PRZ- gy 0oey GAMMAE=,NNEFLT=, & INNHIZ270
124
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CONTROL CARDS FOR

$10
$J0ROP

$IRFTC
$1HFTC
SIBFTC
$IBFIC
$IRFTC
SIRFTC
${BFTC
$IRFTC
$IBFTC
$IRFTC
SIBFTC
$IBFTC
SIBFTC
$IBFTC
$IAFTC
$IRFTC
$IBFTC
$1BFTC
$IBFTC
$IBFTC
SIBFTC
S$IBFYC
$IBFTC
$IBFTC
$IRFTC
$IBFTC
$IBFTC
$IRFTC
$IRFYC

$NATA

18J0B
MAP,NLOGIC,ALT IO

MAIN
INOUTX
AUT IMX
ACPBSX
CROSSX
TJIMIXX
0L Y 2MX
TTFRX
ABTSX
RTCNSX
NTHY1X
ATRPSX
nrBT2X
RTITEX
HFLOCKX
CNFLOX
PMSBRX
EMSPMX
auTBYX
MCNATX
FPSX
APSX
cPBsx
ouTPTX
TESTX
SLiPX
PR SHKX
TEGRLX
RLDATA

OPFEPRATING TSABRP -2 ON AN I1BM 709a UNDER

SPRUFLL.BASE PRFSSURE PRGGRAM
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APPENDIX E
MODIFICATION OF TsABPP-2 TO SIMPLIFY INPUT FOR PARAMETRIC STUDIES

THE NDEFLT OPTION PERMITS SIMBLIFIED DATA INPUT IN PARAMETRIC VARIATION STUDIES.
TeEee WHEN 8 |ARGE NUMRER OF CAARES AQE RUN WITH ONLY ONE 0OR YWO PARAMETERS
CHANGED N t ACH COSEs THIS OPTION CAN ONLY 3E USED WiTH [NPUT OPTIONS 1434 AND &
(INORT=143+ OR G3)s O USE THE OPTION. THE CARDL LISTED BELOW MUST BE ADDED

TO TSAIADP-2.

IN THZ FIRLT CASE OF THE SERICSe SET NOFFLTs 1 AND DEFINE THE CONFIGURATION, (THE
DEFAULT CONFIGUIATION IS AVAILABLE AT THIS® POINT),. IN EACH SUCCEEDING CASE.
ONLy PaRamMZTe wHICH DIFFER FROM THE PQEVIQUS CASF NEED YO BE SPECIFIED IN THE
INDYT FQRQ THAT CAS3E. IN NPTHER WORDS: WITH NLEFLTaje THE INPUT PARAMETERS FOR
£alu CAGE ARFE NOY R¥SET TO THE VvALUESR SPECIEIED BY THE D FAULT CONFIGURATIONS
(SEE PAGES 284 3T AND 31 ®FOR TrHE DEFAULT CONFIGURATION WHEN INOPTz 1«34 OR 44
RESPECTIVELY ) NCRMAL OPERATION OF THE ORQOGRAM CAN BE RESUMED BY SPECIFYING
NCEFLT=0 IN THF _LAST CASE OF TH& PIRAMEYRIC VARIATIGN. WHEN NDEFLY=Os THE |NPUT
FALAMETIERS FOR CACH CASE ARM RTSET T2 THE VALUES SPECIFIFD IN THC DEFAULY

CONT IGURAT I1ONg

A SAMPLII RUN S5FT FOR THE [8M 7094 IS GIVEW RELOWs
PARAMETRIC VARIATION IN EMNE FEBRUARY 1970 EMNE=34%

SOATAIN <PRE3R&0e NDEFLCY=1e¢ R1iaCeGy EMNIIrDeS5e EMNEX3,5e [INOPTz14¢ NCASE7.
PRO1IEDSy PRIZ)Ia] 40 PRI3)I=4,0s PRIG)26,0s PRISIZB0s PRIGEIZ1I0a0e PRITIZ1I60 8

PARAMITRIC VARIATION (N EWNE FEBRUARY 1970 EMNE=G, 0
SOATAIN TMNF 24,0 £
FARAMTTIQIC VARTATIOIN IN EMNE FErayaoy 1970 EMNEeS,
SOATAIN EMNT 25,0 [
FARAMETRIC VARIATION IN EMNE FEBRUARY 1970 EMNE=T,0
sUaTAIN EMNEST740 L] .

MODIFICATIONS IN TSARPP-2 REUUIRED TO ADD THE NDEFLY OPTION

NOTE~——CARNS WITH NUMBERS ENDING IN O ARE RENLACEMENT CARDS, ALL OTHERS ARE
TO BE INSERTED [N NUMERICAL SFOUFNCE INTQ THE PROPER SURRCUTINE.
ExamPLE, CARD INOU 78T RFPLACKES THE CARD HAVING THAT NUMBER IN
SUBROUTINE INOUT. weitLt CARD INDZU 3%3 12 INSERTFD AFTER CARD
INOU 330 AND BLFORF CARD INUU 360,

CHekasyFRSION -—- =NDFFLT OPTION* ADNED TO PROGRAM, MAIN 64
c MAIN 46
& NPUNCH, PRUENT PROTE 4 PDIFNT yHSHAPE,NPTSELPRIT1E, MAIN 450
5 NDEFLT MAIN 455
NDEFLT = O MAIN &65
c NDEFLY = 0, THE VARIARLFS ARE RESFT TO THF #DEFAULT CONFIGURATION®INOU 35}
c AFTFR THE CASE [SFY DOF PRESSURE RATIOS) [S COMPLETED. INDU 352
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[ NF THE CASFE. INOU 344
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I1F INODFFLYNF,0Y GO TO 9 INDUL 497
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